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ON THE COVER:

Although colored movies were taken of the Trinity test,
they were of poor quality and have since deteriorated. This
cover photograph, also showing the ravages of 20 years,

is the only existing color shot of the test. It was taken,
surprisingly enough, by an amateur using his own camera.
Jack Aeby, now of H-6, was working at Trinity with

Emilio Segre studying delayed gamma rays. Segre

secured permission for Aeby to carry his camera to the

site to record the group’s activities. Came the test and, as
Aeby says, “It was there so | shot it.” The picture was

taken from just outside Base Camp with a Perfex 33 camera
using 35 mm film. The photograph provided the basis for
the Theoretical Division’s earliest calculations of the

Trinity weapon’s yield and was shortly confiscated by the
Army and first published after the announcement was
made of the bombing of Japan.
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IEACH to the UNKNOWN

*We were reaching into the unknown and
we did not know what might come of it ...”

Brig. Gen. Thomas I\, Farrell
Report to the War Department
July 18, 1945

The ewenticth anniversary
of the Trinity test of July 16, 1945
is the occasion for telling the story
of onc of the greatest
scientific achicvements of all time.

The tale is told here in
two parts: Part I, the story
of the 'Trinity test, and
Part 11, the story of how
the bomnb was built.



forewonrd

The rain stopped at 4:00 a.m. The decision to
proceed with Project Trinity was announced at
5:10. Nineteen minutes and 45 seconds later the
desert of the Jornada del Muerto grew brighter than
it had ever been before, even on the hottest summer
noon,

The date was July 16, 1945. Man's first attempt to
produce a nuclear explosion had succeeded. One
direct result would be the end of the second World
War. Twenty years later, as this account goes to
press, some of the other results are still beyond
calculation,

The atomic device used on that morning was
called the Fat Man. It was a heavy sphere, about
five feet tall. Its essential components included a
core of plutonium metal, a surrounding layer of
high explosive, and a large number of electrical
detonators that looked a little like spark plugs. It
had cost—according to the most sensational of many
possible ways of figuring—a little less than two bil-
lion dollars.

Though the Fat Man had been designed and built
at Los Alamos, New Mexico, it owed much of its
success to people in other places. The first atomic
explosion marked the climax of a nationwide re-
search and development program.
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ITY

by BARBARA STORMS

In the huge complex of organizations devoted to
the wartime development of the atomic bomb, the
Loos Alamos Project (Project Y) was small. Bat it was
crucial. While other groups worked toward ihe de-
velopment and production of nuclear materials,
“the laboratory,” its newly-appointed director was
told carly in 1943, “will be concerned with the de-
velopment and final manufacture of an instrument
of war.”

The success of the entire undertaking, known col-
lectively as the Manhattan Vagineer District of the
War Departmernit, was dependent on the success of
the small, isolated laboratory high i the mountains
of New Mexico, And to . Robert Oppenheimer,
slight, softspoken, intellectual physics professor
from the University of California, went the im-
mense responsibility for guiding the project to a suc-
cesslul conclusion,

What he needed first were the men. From uni-
versitics and Iaboratories all over the country he
recruited the nation’s most outstanding scicntists,
They were soon joined by a contingent of British
researchers sent, by joint agrecment between the two
governments, to share in the work. Together they
made up what Maj. Gen. Leslic R, Groves, director
of the Manhattan District, once admiringly veferred
to as “the finest collection of crackpots the world
has ever seen.” For all of them, their [ascination
with the work ahead and their (:o:m,pr().l.‘l(:nsion of iig
importance was enough to prompt them to leave
their posts and disappear with their wives and child-
ren into the dust, mud and scerecy of the ramshackle
community thitt became Los Alamos.

Fquipmeni was assembled, too. A cyclotron was
borrowed from 1lavvard, two elcctrostatic accelera-
tors [rom the University of Wisconsin, and a Cock-
croft-Waltont  accelerator from the University of
1linois. Other rescarch tools, designed and built at
Tos Alamos, were soon added and the buildings
went up, virtually around them, The laboratory
grew quickly and became, as the historic Smyth Re-
port of 1945 described it, “probably the best-
equipped physics research laboratory in the world.”

Within months the Gest experiments weve well
underway in the scarch for answers to the over-
whelming problems (described in Part 11) that faced
the pioncers on the mountain,

Development of the gun-type uranium weapor,
which was to become “Little Boy”, moved con-
fidently ahcad, but work ou implosion (the method
in which a suberitical mass of plutoniam is com-
pressed to supercriticality by high explosives) was
slow, frustrating and often scemingly hopeless. By
late 1943 it was cvident that there was no alterna-
tive: the implosion device would have to be tested.

Too many questions would be left unanswered.
A nuclear explosion was so entirely new, the im-
plosion method so far removed from any existing
practice, the construction of the atom bomb so en-
tirely dependent on dead reckoning, that no one
was willing to risk the first trial ol such a device over
cnemy territory or cven in demonstration for the
Japanese, as had been suggested, where a failure
would wipe out the crucial psychological ellects of
so monumental a weaport.

Turthermore, it was essential to obtain detailed
and quantitative information on the various cffects
of the new weapon which would serve as basic tech-
nical ditta for tactical planning in the future. Little
ol this could be obtained if the explosion were first
obscrved under combat conditions.

One important question, about which there was
substantial disagreement, concerned the explosive
force to be expected. Only an actual nuclear detona-
tion could scttle thai question, and then only if
meaningful measurements  (requiring  many  new
techniques) could be made.

Other questions concerned the performance of
the implosion system inside the device; the destruc-
tive cffects of heat, blast, and carth shock; radiation
intensitics; fallout; and general phenomena (fire-
ball, cloud, cte) associated with the explosion.

And so the dedsion was made to sacrifice what
was to amournt to onc third of the nation’s stock-
pile of atomic weapons and its cntire supply of
plutonivm on a sccret test on American soil,



Jumbo, the tremendous steel vessel
designed to contain the explosion of
the first atomic device, arrived at the
siding at Pope, New Mexico, in the
spring of 1945. Container was 25
feet long and weighed 214 tons.

A special 64-wheel trailer was required to carry Jumbo across the desert to
Trinity site. By this time, scienfists had more confidence in the implosion device
and recovery plans had been abandoned.



the plans

The first formal arrangements for the test were
made in March 1944 with the formation, in George
Kistiakowsky’s lixplosives Division, of group X-2
under the leadership of Kenneth "I, Bainbridge,
whose dutics were “to make preparations for a ficld
test in which blast, earth shock, neutron and gamina
radiation would be studied and complete photo-
graphic records made of the explosion and any
atmospheric phenomena connected with the ex-
plosion.”

With doubt and uncertainty hanging over the
project throughout 1944 it is not surprising that one
ol the first and most heavily eraphasized efforts in
the test preparations was planning for the recovery
ol active material in case the nuclear explosion
failed to take place. In 1944 there was barely cnough
plutonium available to conduct the essential ex-
periments and the outlook for increased production
was dim. It scemed absolutely essential that the
active material not be wasted in an unsuccessful
test.

Scientists toyed with the idea of using a water
recovery method in which the bomb, surrounded
by air space, would be suspended in a tank of water
and fragments would be stopped hy a 50 to 1 ratio
of water to high cxplosive mass. They also in-
vestigated the possibility of detonating the bomb
over a huge sand pile and putting the sand through
placer opcrations to mine whatever plutontium
might be imbedded there. Neither of these methods
appeared particularly promising and the decision
was made early in the game to attempt to contain
the blast in a huge steel vesscl.

Although the container, promptly dubbed Jumbo,
became a high priority project at the outset and all
test plans, until the last minute, were based on the
assumption that it would be used, there is little
evidence that the idea met with much enthusiasm
in Los Alamos.

As carly as March 10, 1944, Oppenhcimer wrote
to General Groves outlining the plans and possibil-
ities for “a sphere for proof firing”, pointing out
that “the probability that the reaction would not
shatter the container is cxtremely small.” Fle
promised, however, that the Laboratory would 20
ahead with plans and fabrication of the vessel,

But this was easier said than done, and by the
following summer Jumbo had become the most
agonizing of the project’s endless procurement
headaches.

In late March, I1ans Bethe, head of the ‘Theorot-
ical Division, wrote in 4 memo to Oppenheimer that
because of ¢he numerous cngincering problems,

which he described in discouraging detail, “the
problem of a confining sphere is at present darker
than ever.”

But the problem was tackled, nonetheless, by
section X2-A of Bainbridge’s group with R. W.
Henderson and R. 'W. Carlson responsible for en-
ginecring, design and procurement of the vessel, In
May scale model “Jumbinos” were delivered to 1.os
Alamos where numerous tests were conducted to
prove the feasibility of the design.

Feasible though the design appeared to be, there
was scarcely a steel man in the country who felt he
could manufacture the container. Specifications re-
quired that Jumbo must, without rupture, contain
the cxplosion of the implosion bomb’s full com-
plement of high explosive and permit mechanical
and chemical recovery of the active material. To do
this required an clongated clastic vessel 25 fect long
and 12 feet in diamecter with 14 inch thick walls and
weighing 214 tons.

Personal letters explaining the urgency of the
project and the importance of the specifications
went out from Oppenheimer to steel company heads,
but by May 23, 1944, Oppenheimer was forced to
report to his Jumbo committee that the steel com-
panies approached had cxpressed strong doubts
that Jumbo could be manufactured to specifications.
Mecanwhile, he told them, feasibility cxperiments
would continue in the Jumbinos and the order for
the final vessel would be delayed a litde longer.

Eventuoally, the Babcock and Wilcox Corporation
of Barberton, Ohio agreed to take a crack at the job
and the order was placed in August, 1944, The fol-
lowing spring the tremendous steel bottle began
its roundabout trip from Ohio on a specially built
flat car, switching from one route to another where-
cver adequate clearance was assured. In May 1945,
the jug was delivered to a siding, built for the pur-
posc by the Manhattan District, at Pope, New Mex-
ico, an old Santa Fe railroad station that served as a
link with the Southern Pacific and the Pacific
Coast in the 1890’s. T'here it was transferred to a
specially built 64-wheel trailer for the overland
trip to the test site.

But it was too late, During the last months before
the test, all of the elaborate recovery schemes were
abandoned. By then there was greater promised
production of active material, there was greater
confidence in the success of the bomb and, more
importantly, there was increasing protest that
Jumbo would spoil nearly all the sought-after meas-
urcments which were, after all, the prime reason for
conducting the test at all.

"The fate of Jumbo, however, was not absolutely
settled until the very last minute. On June 11, 1945,
just a month before the test, Bainbridge, in a memo
to Norris Bradbury, present Laboratory director and
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At Trinity, Jumbo was erected on a tower 800 feet
from Ground Zero. It survived the explosion unscathed.

then in charge of bomb assembly, wrote that
“Jumbo is a silent partner in all our plans and is
not yet dead. . . . We must continue preparations
for (its) use until Oppenheimer says to forget it for
the first shot.”

And a silent partner it remained. Ultimately the
magnificent piece of engineering was erected on a
tower 800 feet from Ground Zero to stand idly by
through the historic test.

Once the decision has been made, in the spring
of 1944, to conduct the test, the search began for
a suitable test site. Los Alamos was ruled out im-
mediately for both space and security reasons and
the search spread to eight possible areas in the
western United States.

To please the scientists, security and safety peo-
ple alike, the site requirements were numerous, It
had to be flat to minimize extraneous effects of the
blast. Weather had to be good on the average with
small and infrequent amounts of haze and dust and
relatively light winds for the benefit of the large
amounts of optical information desired. For safety
and security reasons, ranches and settlements had to
be few and far away. The site had to be fairly near
Los Alamos to minimize the loss of time in travel
by personnel and transportation of equipment, yet
far enough removed to eliminate any apparent con-
nection between the test site and Los Alamos
activities. Convenience in constructing camp facil-
ities had to be considered. And always there was the
ever-present question: Could Jumbo be readily de-
livered there?

Throughout the spring a committee, composed
of Oppenheimer, Bainbridge, Major Peer de Silva,
Project intelligence officer, and Major W. A.
Stevens, in charge of maintenance and construction
for the implosion project, set out by plane or auto-
mobiles to investigate the site possibilities. They
considered the Tularosa Basin; a desert area near
Rice, California; San Nicholas Island off Southern
California; the lava region south of Grants; an area
southwest of Cuba, New Mexico; sand bars off the
coast of South Texas; and the San Luis Valley
region near the Great Sand Dunes National Monu-
ment in Colorado,

By late summer the choice was pretty well nar-
rowed down to part of the Alamogordo Bombing
Range in the bleak and barren Jornada del Muerto
(Journey of Death). The area had the advantage of
being already in the possession of the government
and it was flat and dry although almost constantly
windy. The nearest inhabitant lived 12 miles away,
the nearest town, Carrizozo, was 27 miles away, It
was about 300 miles from Los Alamos.

The Jornada del Muerto derives its grim name
from its barren, arid landscape. Old Spanish wagon
trains headed north would be left to die in the



desert if they ran into trouble since they could de-
pend on finding neither settlement nor water for 90
miles or so.

On August 14 Oppenheimer wired Groves in
Washmgton that he thought there would be no
problem in obtaining the land for their purposes
but, concerned as uxudl about fumbo, specified that
“the northern part will be satisfactory to us pro-
vided the ¥l Paso-Albuquerque line of the Santa
Te can carry a 200-ton load cither from V1 Paso
north or from Albuquerque south to the neighbor-
hood of Carthagc.”

The final decision was made on September 7, 1944
and arrangements were made at a mecting with the
commander in chief of the Second Air Yorce for
acquisition of an 18-by-24-mile section of the north-
west corner of the bombing range.

Not long afterward, when it became necessary to
choose a code name for the test, it was Oppenheimer
who made the sclection. Many people have tried to
interpret the meaning of the name but Oppen-
heimer has never indicated what he had in mind
when he chose ‘['rinity. In any case, it did create
some confusion ai first.

Bainbridge asked Oppenheimer for clarification
in a memo written March 15, 1945:

“I would greatly appreciate it if the Trinity
Project could be designated Project "L'. At present
there arc too many different designations. Muncy’s
(Business) office calls it A; Mitchell's (Procurement)
office calls it Project 1" but ships things to $-45; and

A portion of the Alumogorde Bombing Range was
chosen as the site for the Trinity test. This section of the

last week it was christencd Project J. By actual
usage, people are talking of Project I, our passes
arc stamped 'I' and I would likc to sce the project,
for simplicity, called Project "I rather than Project
J. 1 do not believe this w1ll 1)r1ngj any confusion with
Building “T" or Site "I’

Nothing was simple in preparations for the test
and the securing of maps of the test site was no
exception. Lest Los Alamos appear involved, the

job was handled by the Project’s security oflice which
] y ] y

managed to avoid pinpointing the area of interest
by ordering, through devious channels, all geodetic
survey maps for New Mexico and southern Cali-
fornia, all coastal charts for the United States, and
most ol the grazing service and county maps of New
Mexico. 'There was considerable delay while the
maps were collected and sorted.

Despite the many complicated steps taken to
avoid any breech of security there were a few
snafus. As soon as construction began on the test
sitc it became necessary to have radio communica-
tion within the site so that radio-cquipped cars
could maintain contact with the guards and with
peoplc at the various parts of the area. Later, com-
munication would be essential between the ground
and the B-29s participating in the test. A request
went out to Washington for a special, exclusive
wave length for cach opcration so that they could
not, be monitored.

Months went by and at last the assignments camc
back. But alas, the short wave system for the ground

test site was located ot McDonald ranch which served
as assembly headquarters for the atomic device.




was on the same wave length as a railroad freight
yard in San Antonio, Texas; the ground to air
system had the same frequency as the Voice of
America.

“We could hear them (in San Antonio) doing
their car shifting and I assume they could hear us,”
Bainbridge reported later. “Anyone listening to the
Voice of America from 6 a.m. on could also hear
our conversations with the planes.”

On the basis of a thorough Laboratory survey of
proposed scientific measurements to be made at the
test, justification for all construction and equipment
requirements was sent in a detailed memo to Groves
on October 14, On November 1 Groves wired Op-
penheimer his approval of the necessary construc-
tion but asked that “the attention of key scientists
not be diverted to this phase unnecessarily.”

He needn’t have worried. By August the outlook
for the implosion program had turned bleak indeed.
The test preparations lost their priority and the
Laboratory turned nearly all its attention toward
overcoming the serious difficulties that were de-
veloping. Urgency in securing manpower for re-
search and development on the problem was so
great that all of Bainbridge’s group, except for
a few men in Louis Fussell’s section X-2¢c, were
forced to abandon their work on the test and con-
centrate on development of a workable detonating
system and other top priority jobs lest there be no
test at all.

Between August and February, however, Fussell’s
section did manage to work on such preparations
as acquiring and calibrating equipment, studying
expected blast patterns, locating blast and earth
shock instruments, and installing cables to deter-
mine electrical and weather characteristics, in addi-
tion to the design and construction of the test site
Base Camp and the design and contract for Jumbo
—about all the test program could demand with the
plight of implosion so desperate.

Contracts were let early in November for con-
struction of Trinity camp, based on plans drawn
up by Major Stevens in October. The camp was
completed in December and a small detachment
of about 12 military police took up residence to
guard the buildings and shelters while additional
construction continued.

As the new year arrived, the implosion work be-
gan to show more promise and the Research Divi-

sion under R. R, Wilson was asked to postpone even
its highest priority experiments and turn its four
groups, under Wilson, John Williams, John Man-
ley, and Emilio Segre, to developing instruments
for the test.

By February the Laboratory was mobilizing. Op-
penheimer had long since been committed in Wash-
ington to a test in July and the deadline was fast
approaching. In a conference at Los Alamos, at-
tended by General Groves, it was decided then and
there to freeze the implosion program and con-
centrate on one of several methods being investi-
gated—lens implosion with a modulated nuclear
initiator. The conference then outlined a detailed
schedule for implosion work in the critical months
ahead:

April 2: full scale lens mold delivered and ready
for full scale casting.

April 15: full scale lens shot ready for testing and
the timing of multi-point electrical detonation.

March 15- April 15: detonators come into routine
production.

April 15: large scale production of lenses for en-
gineering tests begin. (Lenses direct explosive’s shock
waves to suitable converging point.)

April 15-May 1: full scale test by magnetic
method.

April 25: hemisphere shots ready.

May 15-June 15: full scale plutonium spheres fab-
ricated and tested for degree of criticality.

June 4: fabrication of highest quality lenses for
test underway. '

July 4: sphere fabrication and assembly begin.
By the following month the schedule had already
been shifted to establish July 4 as the actual test
date and that was only the beginning of the date
juggling.

Overall direction of the implosion program was
assigned early in March to a committee composed
of Samuel K. Allison, Robert Bacher, George Kis-
tiakowsky, C. C. Lauritsen, Capt. William Parsons
and Hartley Rowe. For its job of riding herd on the
program the committee was promptly dubbed the
Cowpuncher Committee and it was the Cowpunch-
ers who had the responsibility for the intricate job
of integrating all the efforts of Project Y, the ar-
rival of critical material from Hanford and the
activities at Trinity site in order to meet the test
deadline.

Trinity Base Camp was built by the Army in the winter of 1944 and was occu-
pied by a detachment of military police from December on. By summer it was
a bustling hive of activity with more than 200 scientists, soldiers and technicians.



crial run

Project Trinity, with Bainbridge as test director
and William Penncy and Victor Weisskopl as con-
sultants, became an oflicial organization and top
priority project of the XLaboratory in March 1945,
At the same time Project Alberta, lor combat
delivery of the weapons, was organized under Capt.
Parsons with N. I, Ramsey and Norris Bradbury
as technical deputies.

Bainbridge was a Harvard physics professor with
a background in electrical engineering and a three-
year stint at the MI'L" Radiation Laboratory who
had come to Los Alamos as a group Jcader in charge
of high cxplosive development. As General Groves
pointed out in his book, “Now It Can Be "T'old,”
Bainbridge was “quict and competent and had the
respect and liking of the more than 200 enlisted
men later on duty at Alamogordo.”

Bainbridge’s (irst task was to rush his organiza-
tion into preparations for a trial test—the detona-
tion ol 100 tons of conventional high explosives—
which had been proposed in the winter of 1944 and
scheduled for early May. Since very little was known,
in 1945, about blast effects above a few tons of TNL,
such a test would provide data for the calibration
of instruments for blast and shock mcasurcments
and would serve as a dress rchearsal to test the
operation of the organization for the final shot.

Mcanwhile, a vast and complex labovatory was

growing in scveral squarc miles of empty desert.
There was a mazc of roads to be built, hundreds of
miles of wircs to be strung over, on and under the
ground, a complete communication system installed,
buildings to be erected, supplics, equipment and
personnel to be transported between Los Alamos
and Trinity, all under the cloak of supreme scerecy.

The man who shouldered this monumental task
was John Fl. Williams, lcader of the Laboratory’s
Electrostatic Generator group, who became respon-
sible for Trinity services as head of TR-1. As Bain-
bridge wrote later, “The correlation of the con-
struction program and the proper and successful
designation of construction aid was exacting work
requiring ‘superior judgment,” as the Army says,
and long hours of hard work. This was done su-
premely well by Williams, to whom the "Frinity
project owes much for the successful completion of
the operation.” Bainbridge has also pointed out the
invaluable assistance provided by Sgt. J. A. Jopp,
who was in charge of all the wire installation and
construction at the site.

Procurement of an incredible assortment of equip-
ment ranging from Kleenex to claborate scientific
instruments was a scemingly insurmountable job
handled by Robert Van Genert, now alternate head
of the Yaboratory’s Supply and Property Dcpart-
ment, aided and abetted by Trank Oppenheimer
who served as Bainbridge's trouble shooter.

By April the number of urgent purchase requests
had increased so rapidly that it became necessary to
inflatc the urgency ratings that had been in usc by




the Procurement Office. Until things got out of hand
that spring, four ratings—X, A, B and C—had been
used in order of decreasing priority. By early May,
when everything seemed to warrant an X priority,
it was announced that this super urgent rating
would be subdivided into three others: XX, X1, and
X2. XX would be used only if failure to obtain the
material would produce a setback of major im-
portance in the overall program of the Laboratory.
It authorized the Procurement Office, through the
Washington Liaison Office, to have recourse to the
highest authority of the War Production Board and
all government agencies and to use a special dis-
patch or cargo plane from anywhere in the United
States to get delivery.

But the manufacturers were not impressed. Rep-
resentatives from every armed service and govern-
ment war project were pounding on their desks with
equally high priorities and waiting six to 15 weeks
for delivery while Trinity people were demanding
three weeks delivery for the same item.

The problem was further complicated by the fact
that there was no direct communication between
the Project and the purchasing offices, nor could
Los Alamos buyers talk directly to the scientists at
the site to discuss possible substitutions or com-
promises on specifications.

Some items were just well-nigh impossible to get—
like the seismographs that were needed to check
earth shock at outlying areas around the state. The
only instruments available were finally located at
a firm which had already sold them to the Nazi-
sympathizing Argentine government. It took an
overriding directive, direct from General Grove's
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Hundred of miles of wires had to be strung between
base camp, the control point, the instrument bunkers
and Ground Zero—one of the countless jobs that kept
men at Trinity working at a feverish pace throughout
the spring and summer of 1945,

office, to get the instruments shipped to Trinity
instead.

Another crisis came when 10,000 feet of garden
hose were lost during a shipping strike. A second
order was placed but by June 29 the hose was still
on the list of critical items not yet on hand. The
hose was used to encase cables to sensitive instru-
ments to protect them from the weather.

Delayed delivery on a number of urgent requests
led Oppenheimer to call a meeting in May to re-
view the procurement situation. One of the prin-
cipal reasons for the delays, it turned out, was the
shortage of personnel in the Los Angeles, New York
and Chicago purchasing offices. Although the num-
ber of requisitions had greatly increased there had
been no increase in the number of buyers since
January 1944, a situation blamed on salary re-
strictions. As a result of the meeting salary adjust-
ments were agreed upon and more personnel se-
cured for all three offices. Direct communications
were established between the Project and the New
York and Chicago offices and Project members
were asked to submit improved drawings and speci-
fications.

But slow or not, the materials did arrive and in
June the amount of goods handled by the main
warehouse at Los Alamos reached its peak. During
May the warehouse handled an average of 35 tons
a day, 899, of which was incoming; during June
the daily average rose to 54 tons of which 879,
was incoming, and during the first half of July it
was 40 tons a day, 809, incoming. A new shipping
group was organized that spring to handle the out-
going goods, most of them bound for Trinity or
Tinian Island in the Pacific.

Plenty of local procurement problems remained.
First there was communication. Only five people
on the project were allowed to telephone between
Trinity and Los Alamos and these calls were routed
to Denver, on to Albuquerque and finally to San
Antonio, New Mexico. Teletype service was so
bad, Van Gemert recalls, that you never knew if
the test site was asking for a tube or a lube job. It
soon became evident that the best way to com-
municate was to send notes back and forth by the
truck drivers.

At least two and often as many as ten trucks left
Los Alamos every evening after dark to avoid both
the blistering desert heat and unnecessary notice,



and arrived at the test site carly the next morning.
Almost always there was a stop to be made at the
11.S. Engineers yard in Albuquerque to pick up
items addressed to Prof. W. L. Burke of the Uni-
versity of New Mexico’s physics department, who
served as a blind to avoid a connection hetween the
items and Los Alamos.

“We'd get things to Trinity any way we could,”
Van Gemert says. Some ol the ways were devious.
A carload of telephone poles was desperately needed
at the test sitc and no freight train was traveling
fast cnough to get it there in time. After consider-
able urging the Santa e railroad consented to at-
tach the car to the rear of the Super Chief and sped
the cargo to Albuquerque. Another time, for lack of
{freight space, 24 rolls of recording paper were
luxuriously ensconced in a Super Chicl drawing
room for the trip from Chicago.

To supplement the special items, the Procure-
ment people established a complete technical stock-
room at the test site carly in the game and trucked
the entire stock from Los Alamos. I'he stockroom,
known oflicially as FUBAR. (fouled up beyond all
recognition), was manncd by enlisted men who used
their spare time to manufacture the face shields
nceded to protect observers from the test blast. The
shields were maade of aluminum sheets, mounted on
a stick handle, with welders’ goggles for a window.

There never seemed to be enough people to take
care of all the work to be done on the test prepara-
tions and those who were available, [rom mess at-
tendants to group leaders, worked at a lever pitch.
A ten hour day was considered normal and it often
stretched to at lcast 18 hours.

In the spring of 1945 a big part of the Laboratory
was reorganized to take carc of the test and many
people found themselves involved in activitics far
removed from their normal duties. John Williams,
the high encrgy physicist, took the responsibility for
construction and servicing of the base camp. John
Manley was wrapped up in ncutron incasurements
as a Research Division group leader when he sud-
denly found himsclf in charge of blast measurc-
ments for the test.

“I didn’t know anything about blast mcasurc-
ments,” he recalls 20 years later. “We'd never donc
anything like that before.”

But talent is talent wherever it is found and the
displaced crews managed expertly and efficiently to
bring their remarkable tasks to a successful con-
clusion under extreme pressure.

Throughout the spring and summer there was a
constant stream of personnel traveling between Site
Y and Trinity in a motley assortment of busses arud
cars, some of them barcly able to make the long,
monotonous trip.

Security precautions were rigid. In March, Dana

The flag flew at half-mast at Trinity
base camp on April 12, 1945 when
word came of the death of Franklin
D. Roosevelt. The president's death
gave Harry S. Truman the responsibil-
ity for making the crucial decision on
the eventual use of the atomic bomb.
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P. Mitchell, assistant director of the Laboratory,
issued terse, precise travel instructions:

“The following directions are strictly confiden-
tial and this copy is to be read by no one but your-
self. You are to turn this copy in to me personally
on your return to the site,” the memo read, and
continued with specific directions and mileages for
reaching the site. “Under no condition,” it went
on, “when you are south of Albuquerque are you
to disclose that your are in any way connected with
Santa Fe. If you are stopped for any reason and
you have to give out information, state that you
are employed by the Engineers in Albuquerque.
Under no circumstances are telephone calls or
stops for gasoline to be made between Albuquerque
and your destination.”

Travelers were then instructed to “stop for meals
at Roys in Belen, which is on the left-hand side of
the main road going south. If you leave the site at
7 a.m. you should make this stop around lunch
time.”

Even so, by midafternoon when the travelers
reached the little junction town of San Antonio,
most of them were hot, tired and thirsty and Jose
Miera’s bar and service station became a popular,
if illegal, stop. Miera still remembers the unusually
heavy traffic in those days. One of his customers,
John Manley, remembers Miera’s wall of bottles.

“He had the whole south wall of his place lined
with bottles,” Manley reports. “We used to worry
an awful lot about that. If our big blast traveled

that far, that’s the wall it would hit.” Luckily it
didn’t.

Additional regulations required that all depart-
ing groups and individuals stop at the office of the
intelligence officer for an explanation of “the
security objectives of Trinity.” All personnel were
required to sleep and eat at the camp rather than
in nearby towns, and recreation trips for movies and
dinners to nearby towns were prohibited to officers,
enlisted men and civilians alike.

In addition, all Trinity-bound personnel were
required to report their impending departure to
Oppenheimer’s office, to Intelligence Officer R. A.
Taylor, and to Lt. Howard Bush who was trying
to keep Trinity base camp running smoothly despite
the constantly fluctuating population,

As Bainbridge explained in a somewhat desperate-
sounding memo “to all concerned” in April 1945:

“If your schedule is planned some days ahead it
will operate to the comfort of all concerned if you
tell Lt. Taylor who is going down and when they
are going down. Lt. Taylor will notify Lt. Bush,
who can then make proper arrangements for suf-
ficient food for the mess. Lt. Bush is issued rations
three days a week—Monday, Wednesday and Fri-
day—and he is required on a Monday trip to leave
a list of his requirements to be picked up on the
following Wednesday trip. This means a minimum
of four days notification is necessary if there is to
be sufficient food on hand so that he can avoid the
present difficulties which late-comers run into of




having to cat delicatessen store meat instead of the
particular roast scheduled for that day. Please co-
operate . . "

There were other problems than supply and de-
mand. Sanitary conditions in the mess hall were
difficult to maintain because of the hard water.
When water softening equipment was installed later
it turncd out that a miscalculation in water analysis
resulted in a unit too small to handle the huge
amounts of gypsum and lime encountered.

In the barracks, desert creatures such as scorpions
had to be carefully shaken out of clothes each morn-
ing before anyone dared dress.

But despite the diflicultics the camp ran well. The
heat of the desert summer was relicved by swims in
the cattle watering reservoirs at the old McDonald
ranch. A herd of antelope disappearcd from the
desert range, a fact which has been attributed by
the press to the ravages ol the lirst atomic bomb.
Former 'I'rinity residents, however, admit that hunt-
ing with subrachine guns was a favoritc pastime
and antclope steak was an almost daily part of the
camp menu. So was range beef, lassoed necar camp
by amateur cowboys. A beer fund maintained by
Laboratory people helped make up for the rules
against leaving camp and there were nightly out-
door movies supphed from the Army’s endless as-
sortmnent of Hollywood films.

“I'he choice of Lit. 1I C. Bush as cornmanding
officer of the base camp,” Bainbridge wrote in 19/1()
“was a particularly fortunate onc. The wise and
ciiicient running of the camp by Lt. Bush contrib-
uted g g,r('dtly to the success of the test. It was a ‘happy
camp.” The excellent camp morale and military-
civilian cooperation did much to ameliorate the
difficultics of operation under"j)rimii,ivc conditions.”

But there were times when the excellent camp
morale was put to severe test.

Back in December 1944 Bainbridge had discussed
with an uonidentificd colleaguc the dangers of a
possible overshoot by bombers using the Alamo-
gordo Bombing Range for their practice runs.

“If they should go north of Arca No. 3 by mis-
take in 1945, he wrote, “they would have to go
more than 15 miles beyond the boundary in order
to interfere with us. The probability that they will
overshoot is likely to be very small. Let them have
their fun and scttle with Ickes for the White Sands
National Monument.”

But within a few months they were trying to settle
with Bainbridge.

The chow line forrts at the Base Camp mess hall, Per-
haps the menu offers antelope steak.

. On May 10 shortly after 1 a.m., threc practice
100-pound bombs carrying five-pound black powder
flash units were dropped near the Base Camp
stables, setting them afire, straddling the main bar-
racks and bringing a poker gamc to a sudden halt.
"I'hree days later another bomb dropped on the car-
pentry shop. There was no scrious damage and no
one was hurt.

An investipation revealed that a squadron of
bombers from a basc some 2500 miles away was on
its final long-range practice mission before going
overscas. The lead plancs had hit and completely
obliterated the clearly-marked bombing range tar-
gets and in the confusion the following plancs as-
sumed the well-lit camp site must be the place.

Bainbridge’s suggestion that anti-aircraft guns
loaded with smoke shells be used to defend the camp
was rejected but no further bombing attacks were
made.

On another occasion, however, a group of elec-
tricians working at a distant outpost stomped into
camp hecadquarters, tossed a handful of spent
machine gun shells on the CO’s desk and resigned.
It was soon discovered that gunnery crews in
Alamogordo bombers wcre encouraged to sharpen
their trigger eyes on antelope herds roaming the
bombing range. For the clectricians it had been too
close for comfort.

The original date for the trial shot of 100 tons
of TN'T was May b but was soon shifted to May 7
to allow for installation of additional testing equip-
ment. Many additional requests had to be refused
since any further delay would have put an intoler-
able burden on the whole group in its attempt to
mect the July test deadline.

Hundreds of crates of high explosive were
brought to the site from I'ort Wingate, New Mexico,
and carefully stacked on the pldtform of a 20-foot
tower. "Tubces containing 1000 curies of fission prod-
ucts from the Hanford slug were interspersed in the
pile to simulate, at a low level, the radioactive
products cxpected from the nuclear explosion. The
whole tesi was designed in scale for the atomic shot.
‘I'he center of gravity of the high explosive was in
scale with the 100 foot height for the 4,000 to 5,000
tons expected in the final test, and measurements of
blast effects, earth shock, and damage to apparatus
and apparatus shelters were made at scaled-in dis-
tances. Only measurements to determine *“cross talk”
between circuits and photographic observations
were, in general, carried out at the full distance
proposed for the final shot.

Then, as the last day of the Furopean war
dawned, the TNT was detonated and it was spec-
tacular. A huge, brilliant orange ball rose into the
desert sky lighting the pre-dawn darkness as far
away as the Alamogordo base 60 miles southeast.

13






trial run may 7,

A crew prepdres fission products from the Hanford slug
for insertion in the high explosive for the 100-ton test.
Material simulated, at a low level, the radioactive
products expected from the nuclear explosion.

Crates of high explosive, brought from Fort Wingate,
are stacked on the 20-foot high wooden tower. The
inen have about 15 more rows to go before the stack
will be complete.

19415

Completed stack of 100 tons of TNT rests on the sturdy
tower, ready for the May 7 firing. Carpenters who built
the tower were appalled, on returning to the site after
the test, to find the structure completely obliterated.

The 100-ton explosion would have been an unforget-
table sight, withesses say, had it not heen outdone so
soon afterwards by the nuclear explosion. Brilliant
orange fireball was observed 60 miles away.
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The rehearsal proved to be tremendously valu-
able and the high percentage of successful measure-
ments in the final test may be attributed in large
measure to the experience gained from the shot.
Blast and earth shock data were valuable not only
for calibrating instruments but for providing stand-
ards for the safe design of shock proof instrument
shelters. Measurement of the effects from the radio-
active material inserted in the stack of cxplosive
was especially valuable in giving information on the
probable amount and distribution of material which
would be deposited on the ground. This informa-
tion was essential for planning the recovery of
equipment, the measurement of bomb efficiency,
and protection of personnel for the final shot.

The test also gave the men, accustomed to well-
equipped laboratories, a familiarity with the tribula-
tions of field work, and perhaps most importantly,
showed up some defects in the test operations while
there was still time to correct them.

Immediately after the test Bainbridge asked for
lists of complaints about the operations from the
various group leaders involved and on May 12,
while the experience was still fresh in everyone's
minds, held a gripe session to discuss suggestions
for improvements.

Far and away the biggest complaint was trans-
portation. Nearly everyone felt there were not
enough roads between Ground Zero and the various
shelters and the roads that did exist were in intoler-
able condition. The dust and ruts were hard on both
personnel and instruments and the two-wheel drive
GI sedans were constantly getting bogged down in
a foot or so of soft, loose sand. They also asked for
more vehicles and more repair men who could
service the cars at night to avoid delays and keep
up with the demand.

To overcome poor communications throughout
the test site, new phone lines, public address systems
to shelters and short wave radios in automobiles
were requested as well as a building in which to
hold meetings.

Everybody complained of lack of help to get
things done on time and asked in particular for
more help on procurement, shipping and stock
management and a direct teletype to the Los Alamos
Procurement Office.

The group felt the operation was severely handi-
capped by the interminable delays caused by rigid
restrictions on the movement of personnel in and
out of the various areas just before the test. They
asked for and got free access to all parts of the test
area during the last few hours before the shot.

Only one man complained about camp food.

As a result of the meeting, 20 miles of black top
road had to be laid, new structures built and a new
communication system installed. After the test, too,
a major effort had to be devoted to the final timing
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devices. Fach experiment required different time
schedules, some having to start ahead of Zero, others
requiring a warning pulse only 1000th of a second
ahead of the detonation. The circuits were the re-
sponsibility of Joseph McKibben and the electronic
timing device was developed by Ernest Titterton of
Australia. In addition to these chores there were the
weak spots pointed out in the trial test to be over-
come. And there was precious little time to do it.

As early as April hopes of meeting the original
Independence Day deadline had begun to dim.
Delays in the delivery of full scale lens molds and
the consequent delay in the development and pro-
duction of full scale lenses, as well as the tight
schedule in production of active material made it
necessary to reconsider the date, and on June 9 the
Cowpuncher Committee agree that July 13 was the
earliest possible date and July 238 was probable.

In a memo to all his group leaders on June 19,
Oppenheimer explained that although July 4 was
accepted as a target date in March, “none of us felt
that date could be met.” He then announced the
Cowpuncher decision and explained, “In reaching
this conclusion we are influenced by the fact that
we are under great pressure, both internally and
externally, to carry out the test and that it un-
doubtedly will be carried out before all the ex-
periments, tests and improvements that should
reasonably be made, can be made.”

And so the pressure mounted, security tightened
and preparation went on with increasing speed and
intensity.

At Trinity the wark goes on. Above: Julian Mack and
B. C. Benjamin pause for a quick breakfast. Opposite,
top: Berlyn Brixner handles a drill in preparation for
camera installations at N 10,000. Middle: Benjamin
and George Econnomu prepare charges for shock ve-
locity determinations. Bottom: Darol Froman cuts pipe.



countdown

The air hung hcavy over the Hill that summer.
Rains failed to come and precipitation was hall
the normal amount. Temperatures rose to average
four degrees above normal. Water became scarce
and fires threatened, adding to the irritations and
frustrations.

Dorothy McKibbin, who ran the Santa I'e liaison
office for the Los Alamos project, could discern the
tightening of tensions on the Hill, but becausc of
rigid sccurity, she had only her intuition to tell her
what was happening. As many as 70 pcople checked
into her office cvery day and one day she counted
100 phone calls. ““T'he voices on the telephone
showed strain and tautness, and I sensed we were
about to reach some kind of climax in the project,”
she recalls.

In the Laboratory, onc or two hour mectings,
attended by consultants, group and scction Ieaders
involved in the Arinity Project, were being held
cvery Monday for consideration of new experiments,
correlation of the work, detailed scheduling and
progress reports.

One of the most important corrective measures
resulting from the 100-ton test had been the sctting
of a date after which further apparatus, particularly
clectrical equipment, could not be introduced into
the experimental arca. ‘U'he deadline would allow
plenty of time for dry runs and would reduce the
risk of last minute damage to electrical connections.
In view of this, proposed ecxperiments were de-
scribed in writing in great detail and submitted to
a special examining committce. If approved they
were then submitted to the Monday mectings where
they were considered with respect to the test pro-
gramming as a whole beforc being accepted. “Any
new experiment had to be awfully good to be in-
cluded after the deadline.” Bainbridge reports.

Yor about 2 month before the test, John Williams
held nightly meetings at "I'rinity to hear reports on
ficld construction progress and to plan the assign-
ment of men for the following day. Construction
help was assigned on the basis of nceds and priority
of experiments which had been accepted for the
test.

Meanwhile, J. M. Hubbard, who had joined the
T'rinity Project early in April, as meteorology super-
visor, had undertaken the job of determining the
best test date from a weather point of view.

Weather was a vital factor. Clear weather was
best suited to observation plancs in the air and
visual and photographic measurcments on the
ground. Rain before or during the test could dam-
age clectrical circuits both for firing the gadget and
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Guard stations were set up—some in tfents, some in
trucks—to check the goings and comings of personnel
throughout the test site. Movement was restricted; vari-
ous areas required different badge designations.
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operating the instruments. Only six months before
the test, according to General Groves, Joseph
Hirschfelder, a Los Alamos physicist, had first
brought up the possibility that fallout might be a
real problem. For this reason it was considered es-
sential that wind direction be such that the radio-
active cloud would not pass over inhabited areas
that might have to be evacuated, and there should
be no rain immediately after the shot which would
bring concentrated amounts of fallout down on a
small area.

Using reports from each group on the particular
weather conditions or surveys they would find most
useful and coordinating them with complete world-
wide weather information, Hubbard ultimately pin-
pointed July 18-19 or 20-21 as the ideal date with
July 12-14 as second choice. July 16 was mentioned
only as a possibility.

However, on June 30 a review of all schedules was
made at a Cowpuncher meeting for which all divi-
sion leaders had submitted the earliest possible date
their work could be ready. On the basis of these
estimates, July 16 was established as the final date.

From the beginning, estimates of the success of
the gadget had been conservative. Although safety
provisions were made for yields np to 20,000 tons,
test plans were based on yields of 100 to 10,000 tons.
By as late as July 10 the most probable yield was
set at only 4,000 tons.

Scientists not directly involved in the test estab-
lished a pool on the yield and the trend was defi-
nitely toward the lower numbers, except for Edward
Teller’s choice of around 45,000 tons. Oppenheimer
himself reputedly picked 200 tons and then bet
$10 against Kistiakowsky’s salary that the gadget
wouldn't work at all. (I. I. Rabi, project consultant,
won the pool with a guess of 18,000 tons, a num-
ber he picked only because all the low numbers had
been taken by the time he entered the contest.)

It was not just the yield that was in doubt. Even
as the scientists went about the last few weeks of
preparations, the nagging uncertainty persisted
about whether the bomb would work at all. This
air of doubt is depicted in a gloomy parody said
to have circulated around the Laboratory in 1945:

“From this crude lab that spawned a dud

T heir necks to Truman’s axe uncurled

Lo, the embattled savants stood

And fired the flop heard round the world.”

Then, as if things weren’t looking dismal enough,
a meeting of Trinity people held just before the
test heard Hans Bethe describe in depressing detail
all that was known about the bomb, and all that
wasn’t. Physicist Frederick Reines remembers the
utter dejection he felt after hearing the report. “It
seemed as though we didn’t know anything,” he
said.



It was only natural, Bethe wrote later, that the
scientists would feel some doubts about whether
the bomb would really work. They were plagued
by so many quescions: Had everything been done
right? Was even the principle right? Was there any
slip in a minor point which had heen overlooked?
"They would never be sure until July 16.

By the first week in July, plans were essentially
complete and the hectic two wecks that remained
were devoted to receiving and installing equipment,
completing construction, conducting the necessary
tests and dry runs and, finally, asscmbling the
device,

The plans, as described in the official AEG his-
tory, “I'he New World,” were these:

“Working in shelters at three stations 10,000 yards
south, west and north of the liring point, teams of
scientists would undertake to observe and measurc
the sequence of cvents. The first task was to deter-
mine the character of the implosion. Kenneth
Greisen and Yrnest 'Titterton would determine the
interval between the firing of the fivst and last de-
tonators. This would reveal the degrec of simul-
taneity achicved. Darol Iroman and Robert R.
Wilson would calculate the time interval between
the action of the detonators and the reception of
the first gamma rays coming from the nuclear re-
action. Irom this value they hoped to draw con-
clusions as to the behavior of the implosion. With
Bruno Rossi’s assistance, Wilson would also gauge
the rate at which fissions occurred.

“Implosion studies were only a start. 'The sccond
objective was to determine how well the bomb
accomplished its main objective—the release of
nuclear cnergy. Emilio Segre would check the in-
tensity of the gamma rays emitted by the {ission
products, while ITugh T'. Richards would investi-
gate the delayed ncutrons. Herbert L. Anderson
would undertake a radiochemical analysis of soil
in the neighborhood of the explosion to dcetermine
the ratio of fission products to unconverted pluto-
nium, No one of these methods was certain to pro-
vide accurate results, but the interpretation of the
combined data might be very important.

“The third great job at ‘I'rinity was damage
measurements. fohn H. Manley would supervise
a serics of ingenious arrangements to rccord blast
pressure. Others would regisier carth shock while
William G. Penney would obscrve the effect of
radiant heating in igniting structural materials. In
addition to these specific research targets, it was
important to stady the more general phenomena.

Station South 10,000 served as the main control point
for the Trinity test. Robert Oppenheimer, Buinbridge
and General Farrell were among those who watched
the explosion from this bunker.

This was the responsibility of Julian I%. Mack. 11is
group would use photographic and spectrographic
observations to record the behavior of the ball of
fire and its aliereffects.” Some cameras would take
color motion picturcs, some would take black and
white at ordinary speeds and others would be used
at-exceedingly high speeds, up to 8000 frames per
sccond, in order to catch the very beginning of the
blast wave in the air. "There also would be several
spectrographs to observe the color and speetrum of
the light emitted by the ball of fire in the center of
the blast.

Observation plancs, onc of them carrying Capt.
Parsons, head of the overscas delivery project,
would {ly out of Albuquerque making passcs over
the test site to simulate the dropping of a bomb.
They would also drop parachute-suspended pressure
gauges near Ground Zero. One of the main reasons
for the plancs would be to enable Parsons to report
later on the relative visual intensity of the explosion
ol the test bomb and that of the bomb to be
dropped on Japan.

Plans also were made to cover the legal and safety
aspects of the test,

‘T'o protect men and instruments, the observation
shelters would be located 10,000 yards from Ground
Zero and built of wood with walls reinforced with
concrete and buried under huge layers of carth.
Fach shelter was to be under the supervision of a
scientist until the shot was fired at which time a
medical doctor would assume lcadership. The
medics were familiar with radiation and radiation
instruments and would be responsible for cfficient
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McDonald ranch, used for final assembly of the active material, still stands at Trinity.

evacuation of the shelters on designated escape
routes in case of emergency. Vehicles would be
standing by ready to leave on a moments notice,
manned by drivers familiar with the desert roads
at night. Commanding the shelters would be R, R,
Wilson and Dr. Henry Barnett at N 10,000, John
Manley and Dr. Jim Nolan at W 10,000 and Frank
Oppenheimer and Dr. Louis Hemplemann at S
10,000.

A contingent of 160 enlisted men under the com-
mand of Major T. O. Palmer were to be stationed
north of the test area with enough vehicles to
evacuate ranches and towns if it became necessary
and at least 20 men with Military Intelligence were
located in neighboring towns and cities up to 100
miles away serving a dual purpose by carrying re-
cording barographs in order to get permanent rec-
ords of the blast and earth shock at remote points
for legal purposes.

On July 5, just six days after enough plutonium
had been released, Oppenheimer wired Project con-
sultants Arthur H. Compton in Chicago and E. O.
Lawrence in Berkeley:

“Anytime after the 15th would be a good time for
our fishing trip. Because we are not certain of the
weather we may be delayed several days. As we do
not have enough sleeping bags to go around, we ask
you please not to bring any one with you.”

There wasn’t much sleeping being done any-
where at Trinity those last frantic days. There were
about 250 men from Los Alamos at the test site
doing last minute technical work and many more
were in Los Alamos contributing to the theoretical
and experimental studies and in the construction
of equipment. And all of them were working
against time.

“The Los Alamos staff was a dedicated group,”
John Williams is quoted as saying some years later.
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“It was not uncommon to have a 24 hour work day
at the end.”

On July 1 the final schedule was broadcast at
Trinity and circulated around the camp two days
later. Rehearsals would be held July 11, 12, 13 and
14. Originally scheduled to be held in the afternoon,
the times were changed after the first dry run when
daily afternoon thunderstorms began to interfere
with the flight of the observation planes and to
produce electrical interference and pick up on the
lines.

Meanwhile, Norris Bradbury, group leader for
bomb assembly, had issued his countdown. Begin-
ning on July 7 in Los Alamos the high explosive
components were put through a number of tests to
study methods of loading and the effects of trans-
portation and a dry run on the assembly. On July
10 the crew began the tedious round-the-clock pre-
parations of the components for delivery to Trinity,
using night shifts to get the job done. Thursday,
July 12, assembly began at V site and by late that
night they were ready to “seal up all holes in the
case; wrap with scotch tape (time not available for
strippable plastic), and start loading on truck.”

At 1 am. on Friday, July 13, the pre-assembled
high explosive components started for Trinity in a
truck convoyed by Army Intelligence cars in front
and behind with George Kistiakowsky accompany-
ing the precious cargo in the forward car.

The two hemispheres of plutonium made the trip
to Trinity from Los Alamos on July 11, accom-
panied by a Lt. Richardson and several soldiers in
a convoyed sedan and delivered to Bainbridge at
the tower. A receipt for the plutonium was re-
quested.

“I was very busy and we were fighting against
time,” Bainbridge recalled recently. “I thought
‘What kind of foolishness is this,” and directed the
men to the assembly site at McDonald ranch.”



Bainbridge remembers that Richardson and his
crew seemed awlully cager to get rid of their strange
cargo even though they weren’t supposed o know
the real significance of it.

Lventually the receipt was signed at the ranch
by Brig. Gen. 1. ¥F. Farrell, Groves deputy, and
handed to Louis Slotin who was working on nuclear
assembly. 'I'he acceptance of the receipt signaled the
formal transfer of the precious Pu-239 from the Los
Alamos scientists to the Army for use in a test ex-
plosion,

Nuclear tests and the assembly of the active corm-
ponents were completed at the ranch and shortly
alter noon on ¥riday the 13th final asscmbly of the
bomb began in a canvas tent at the base of the
tower.

Bradbury’s detailed step-by-step instructions for
the assembly process, which was interrupted at fre-
quent intervals for “inspection by generally inter-
csied personnel,” show the careful, gingerly fashion
in which the crew approached its history-making
job.

“Pick up GEN'TLY with hook.”

“Plug hole is covered with a CLEAN cloth.”

“Place hypodermic necdle IN RIGH'T PLACE.
Check this carefully,”

“Insert HV.—to be done as slowly as the G
(Gadget) engineers wish. . . . Be sure shoce horn is
on hand.”

“Sphere will be left overnight, cap up, in a small
dish pan.”

By late afternoon the active marterial and the high
explosive came together for the first time.

Ncither Bradbury nor Racmer Schreiber, a mem-
ber of the pit assembly crew, remembers any partic-
ular fecling of tension or apprchension during the
operation although, Bradbury said, *““I'here is always
a certain amount of concern when you are working
with high explosives.”

“We were given plenty of time for the assembly
of active material,” Schreiber remembers. “By then
it was pretty much a routine operation. It was
simply @ matter of working very slowly and care-
fully, checking and re-checking cverything as we
went along.”

The assembly departed from the rouatine only
once, when the crew made the startling discovery
that the two principal parts of the gadget, carefully
designed and precision machined, no longer fit
together, Marshall Holloway, in charge of pit as-
sembly, came to the rescue and in only a couple of
minutes had the problem solved.

Initiators for the gadget are delivered to the McDonald
ranch assembly room in a shock-proof case.

Active material for the Trinity device is moved from the
sedan that brought it to McDonald ranch.




The plutonium component, which had generated
a considerable amount of its own heat during the
trip from Los Alamos, had expanded. The other
section of the assembly had remained cold. The
heat exchange resulting when the hot material was
left in contact with the cold for only a minute or
two soon had the two pieces slipping perfectly
together.,

Early the next morning the tent was removed and
the assembled gadget was raised to the top of the
100-foot tower where it rested in a specially con-
structed sheet steel house. But it was still without
detonators.

“Detonators were very fragile things in those
days,” Bradbury explained. “We didn’t want to
haul that gadget around with the detonators already
in it. We might have dropped it.”

So it was up to the detonator crew, headed by
Kenneth Greisen, to climb the tower and make the
final installations and inspections and to return
every six hours to withdraw the manganese wire
whose induced radioactivity was a measure of
neutron background. The necessary cables were
connected to a dummy unit which would permit
tests to continue while the bomb was armed.

Late that night the job was essentially complete.
The gadget was left in the care of an armed guard
and the scientists and technicians were left with
only the final routine preparations and last-minute
adjustments on their equipment.

All planes at the Alamogordo base were grounded
until further notice and arrangements had been
made with the Civil Aeronautics Authority, the Air

Corps and Navy to insure that the entire area would
be barred to all aircraft during the last important
hours.

According to General Groves, it was quite upset-
ting to the base, for it was there that B-29 crews
received their final training before leaving for the
Pacific and every unit commander wanted his crew
to have as many hours in the air as possible. All
they knew was that their training schedules were
being upset for some unexplained reason. Many
men, Groves continued, were already on the landing
field when the explosion occurred and not long after
several thousand men were preparing for take-offs.

Meanwhile, the high-ranking observers began to
assemble. On Sunday afternoon General Groves,
who had been touring Manhattan District installa-
tions on the West Coast in order to be nearby in
case the test hour was advanced, arrived at Trinity
with Vannevar Bush and James B. Conant, mem-
bers of the MED’s policy committee. A busload
of consultants from Project Y left Los Alamos
for the desert and automobiles were dispatched to
Santa Fe to pick up Charles A. Thomas, MED’s
coordinator for chemical research, and to Albuquer-
que for Ernest O. Lawrence, Sir James Chadwick
and William L. Laurence of the New York Times,
the one newsman assigned by the Manhattan Dis-
trict to document the development of the bomb.

At the test site, after months of hectic activity,
things became more relaxed as the final items on
Bradbury’s hot run countdown indicate:

Sunday, 15 July, all day: Look for rabbit’s feet and
four-leafed clovers. Should we have the chaplain




down there? Period for inspection available from
0900-1000.

Monday, 16 July, 0400: BANG!

But it wasn’t quite as simple as that. By Sunday
cvening the skies had darkencd, thunder rolled in
the surrounding mountains and lightning cracked
through the overcast. It began to vain. Now that the
test was ready, at long last, could it actually go?

Shortly before 11 p.m. Sunday night the arming
party, consisting ol Bainbridge, Kistiakowsky, Joc
McKibben, two Army weathermen, Lt. Bush and a
guard, assembled at the base camp for the final trip
to the tower.

McKibben, who had the very important and
punishing job of supplying the timing and remote
operating signals, was decad tired. “Hle had had a
more trying time for two weeks than most of us,”
Bainbridge recalled. “Any one of 50 people with
special test cquipment who nceded timing and
activating signals over their control wires had been
asking McKibben and his group for rehearsals at all
hours of the day and night for two weeks with very
large amounts of business the week prior to July
16.”

But tired or not, McKibben had with him a two-
page check list of 47 jobs to be done before Zcro
hour. His preliminary jobs were finished by 11
and he was urged to get some sleep. “I remember
he looked absolutely white with fatigue,” Bain-
bridge said, “and we wanted him alert and rcady
at test time.”

Donald Hornig came out, went to the top of the
tower to switch the detonating circuit from the
dummy practice circuit to the real gadget and then
returncd to § 10,000 where he would be responsible
for the *stop” switch. If anything weni wrong
while the autornatic devices were operating scconds
belore the detonation, he would pull the switch and
prevent the explosion,

Kistiakowsky climbed about 30 fect up the tower
to adjust a light at the radioed request of a camera-
man and then returned to the car to sleep. Period-
ically L.t. Bush or the guard turned their flashlights
on the tower to make certain there was no one try-
ing to interfere with the cables. Hubbard and his
assistants continued with their weather measure-
ments while Bainbridge kept in touch with John
Williams on the land telephone at S 10,000.

“It was raining so hard,” McKibben remembers,
“I dreamad Kisti was turning a hose on me.” There
was lightning, too, but not dangerously close to the
tower. The rain continued. Back at the control dup-

On July 14 the tent was removed and the device,
completely assembled except for the detonators, was
raised to the top of the 100-foot tower.

out Oppenheimer and General Groves consulted
through the night.

“Every five or ten minutes Oppenheimer and I
would go outside and discuss the weather,” Groves
writes. “I was shiclding him f{rom the excitcment
swirling about us so that he could consider the
situation as calmly as possible.”

Tortunately, Groves continues, “although therc
was an air of excitement at the dugout, there was
a minimum of conflicting advice and opinions be-
causc cveryone there had something to do, check-
ing and rc-checking the cquipment under their
control,”

At 1 am. Groves urged the dircctor to get some
sleep. Groves himself joined Bush and Conant in a
ncarby tent for a quick nap without much luck.
“T'he tent was badly sct up,” Groves recalls, “and
the canvas slapped constantly in the high wind.”

By 2 a.m. the weather began to look better and it
was decided that the shot probably could be fired
that morning, but instcad of the planned hour of
4 a.m. it was postponed until 5:30. 'T'he waiting and
checking continued.

The rain stopped at 4:00 a.m. At 4:45 a.m. the
crucial weather report came: “Winds aloft very
light, variable to 40,000 surfacc calm. Inversion
about 17,000 ft. Humidity 12,000 to 18,000 above
809,. Conditions holding for next two hours. Sky
now broken becoming scattered.” The wind direc-
tions and velocities at all levels to 30,000 feet looked
good from a safcty standpoint. Bainbridge and Hub-
bard consulted with Oppenheimer and Gencral
Farrell through Williams on the telephone. One
dissenting vote could have called off the test, The
decision was made. 'T'he shot would go at 5:30.

The arming party went into action, Bainbridge,
McKibben and Kistiakowsky drove with Lt. Bush
to the west 900 yard point where, according to Mec-
Kibben's check list, he “opened all customer cir-
cuits.” Back at the tower connections were checked,
switches were thrown and arming, power, firing and
informer leads were connected. Bainbridge kept in
touch with Williams by phone, reporting cach step
before it was taken,

“In casc anything went sour,” Bainbridge ex-
plained, “the 5 10,000 group would know what had
messed it up and the same mistake could be avoided
in the [uture.”

The lights were switched on at the tower to direct
the B-29s and the arming party headed for the con-
trol point at § 10,000, driving, they all insist, at the
recasonable rate of about 25 miles an hour.

Arriving at S 10,000 about 5 a.un, Bainbridge
broadcast the weather conditions so that leaders at
the observation points would have the latest infor-
mation and know what to worry about in the way
of fallout.

»
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Ready for the countdown, the first atomic device waits
in its steel shelter at the top of the tower. Opposite
page: The formation of the fireball during the first
four seconds after detonation.
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Then from Kirtland Air Force Base came word
from Captain Parsons. Weather was bad at Albu-
querque and the base commander did not want
the plane to take off. But the decision was already
made.

Later the planes did take off but because of over-
cast only fleeting glimpses of the ground could be
seen and Parsons was barely able to keep the plane
oriented. Unable to drop their gauges with any
degree of accuracy the airborne group became
merely observers.

Just after 5 Bainbridge used his special key to un-
lock the lock that protected the switches from
tampering while the arming party was at the tower.
At 5:10 a.m. Sam Allison began the countdown.

All through the night the spectators had been
gathering to await the most spectacular dawn the
world had ever seen.

They waited on high ground outside the control
bunker. They waited at the observation posts at
West and North 10,000, They waited in arroyos and
in surrounding hills. A group of guards waited in
slit trenches in Mockingbird Gap between Oscuro
and Little Burro Peaks.

All had been instructed to lie face down on the
ground with their feet toward the blast, to close
their eyes and cover them as the countdown ap-
proached zero. As soon as they became aware of the
flash they could turn over and watch through the
darkened glass that had been supplied.

On Compagna Hill, 20 miles northwest of Ground
Zero, a large contingent of scientists waited along
with Laurence of the Times. They shivered in the
cold and listened to instructions read by flashlight
by David Dow, in charge of that observation post.
They ate a picnic breakfast. Edward Teller warned
about sunburn and somebody passed around some
sunburn lotion in the pitch darkness.

Fred Reines, a former Los Alamos physicist,
waited with Greisen and I. I. Rabi, a project con-
sultant, and heard the “Voice of America” burst
forth on the short wave radio with “Star Spangled
Banner” as if anticipating a momentous event.

Al and Elizabeth Graves, a husband and wife
scientific team, waited in a dingy Carrizozo motel
with their recording instruments. Others, mostly
military men, waited at spots as far away as 200
miles, their instruments ready to record the
phenomena.

In San Antonio, Restaurant Proprietor Jose
Miera was awakened by the soldiers stationed at
his place with seismographs. “If you come out in
front of your store now, you’'ll see something the
world has never seen before,” they told him.

Just south of San Antonio, a group of hardy
Los Alamos souls, who had climbed into the saddle
of Chupadero Peak the day before, waited drowsily
in their sleeping bags.



In Los Alamos, most people slept but some knew
and went out to watch from the porches of their
Sundt apartments. Others drove into the mountains
for a better view. Mr, and Mrs. Darol Froman and
a group of friends waited in their car, gave up and
were heading back down the mountain when 5:50
came.

A group of wives, whose husbands had been off
in the desert for endless weeks, waited in the chill
air of Sawyer’s Hill, Months later onc of them
described the agonizing hours.

“Four o’clock. Nothing was happening. Perhaps
something was amiss down there in the desert
where one’s husband stood with other men to mid-
wife the birth of the monster. Tour fificen and
nothing yet. Maybe it had failed. At least, then, the
husbands were safe. . . . Four thirty. 'The gray
dawn rising in the cast, and still no sign that the
labor and struggle of the past three years had meant
anything at all. . . . It hardly scemed worthwhile
to stand there, scanning the sky, cold and so afraid.”

Elsewhere the world slept or fought its war and
President Truraoan waited at Potsdam,

Back at Trinity, over the intercoms, the FM
radios, the public address system, Sam Allison’s
voice went on, counting first at five-minute intervals
then in interminable seconds.

“Arcn’t you nervous?” Rabi asked Greisen as
they lay facc down on the ground.

“Nope,” replicd Greisen,

“As we approached the final minute,” Groves
wrote, “the quict grew more intense. { was on the
ground (at Base Camp) between Bush and Conant.
As 1 lay there in the final seconds, I thought only
of what I would do if the countdown got to zcro
and nothing happened.”

Conant said he never knew scconds could be so

long.
At the control point, General Farrell wrote later,
T'he scene inside the shelter was dramatic beyond
words. . . . Itcan be safely said that most everyonce
present was praying., Oppenhcimer grew tenser as
the seconds ticked off. He scarcely breathed. He
hield on to a post to steady himself.”

The countdown went on. At minus 4b scconds
Joe McKibben threw the switch that started the
precise automatic timer, Now it was out of man’s
control, except for Hornig who watched at his post
at the stop switch.

Minus 30 seconds, and Williaros and Bainbridgpe
joined the others outside the control dugout.

Minus 10 seconds. Cool-hcaded Greisen changed
his mind. “Now I'm scared,” he suddenly blurted
to Rabi.

Then, as the world tectered on the brink of a
new age, Sam Allison’s voice cried, “Now!”
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the new worid

At that instant—5:29:45 a.m, Mountain War Time
on July 16, 1945--came an incredible burst of light,
bathing the surrounding mountains in an uncarthly
brilliance. "Then came the shock wave that knocked
over two men at § 10,000, then the thunderous roar.
A vast multi-colored cloud surged and billowed up-
ward. The steel tower that held the borab vanished,
the tower that held Jumbo, 800 fect away, lay
crumpled and broken on the ground.

Wrote Enrico Fermi shortly after the test:

“My first impression of the explosion was the very
intensc flash of light, and a sensation of heat on the
parts of my body that were cxposed. Although I
did not look directly towards the object, I had the
impression that suddenly the countryside became
brighter than in full daylight. T subsequently
looked in the dircction of the explosion through
the dark glass and could sec something that looked
like a conglomeration of flames that promptly
started rising. After a fow seconds the rising {lames
lost their brightness and appeared as a huge pillar
of smoke with an expanded head like a gigantic
mushroom that rose rapidly beyond the clouds,
probably to a height of the order of 30,000 feet.
After reaching full height, the smoke stayed
stationary for a while before the wind started dis-
persing it.”

Fermi then went on to explain the simple experi-
ment he took time to conduct that helped consider-
ably in making the first early estimates of the
bomb’s success.

“About 40 seconds after the explosion the air
blast reached me. I tried to estimate its strength by
dropping from about six feet small picces of paper
before, during and after the passage of the blast
wave. Since, at the time, there was no wind, I could
observe very distinctly and actually measure the
displacement of the pieces of paper that were in the
process of falling while the blast was passing. 'The
shilt was about two and a half meters, which at the
time, I cstimated to correspond to the blast that
would be produced by ten thousand tons of TNT

Hans Bethe wrote that “it looked like a giant
magnesium f{larc which kept on for what seemed a
whole minute but was actually onc or two seconds,
The white ball grew and after a few seconds be-
came clouded with dust whipped up by the ex-
plosion from the ground and rose and left behind
a black trail of dust particles. The rise, though it
seerned slow, took place at a velocity of 120 meters
per sccond. After more than half a minute the flame
died down and the ball, whicli had been a brilliant
white became a dull purple. It continued to rise and
spread at the same time, and finally broke through

and rose above the clouds which were 15,000 feet
above the ground. It could be distinguished from
the clouds by its color .and could be followed to a
height of 40,000 feet above the ground.”

Joe McKibben recalls that “we had a ot of flood
lghts on for taking movies of the control pancl.
When the bomb went off, the lights were drowned
out by the big light coming in through the open
door in the bhack.”

“Aflter 1 threw my last switch T ran out to take
a look and realized the shock wave hadn’t arrived
yet. I ducked behind an earth mound. Even then
I had the impression that this thing had gone rcally
big. It was just terrific.”

“The shot was truly awe-inspiring,” Bradbury
has said. “Most experiences in life can be compre-
hended by prior experiences but the atom bomb
did not fit into any preconception possessed by any-
body. "The most startling feature was the intense
light.”

Bainbridge has said that the light was the one
placc where theorcetical calculations had been ofl by
a big factor. “Much more light was produced than
had been anticipated.”

A military man is reported to have exclaimed,
“I'he long-hairs have let it get away from them!”

While scientists were able to describe the tech-
nical aspects of the explosion, for others it was more
diflicult.

“Words arc inadequate tools for acquainting
thosc not present with the physical, mental and
psychological effects. It had to be witnessed to be
realized,” wrote General Farrell two days Jater.
Nonetheless, many tried to describe the hi.ltoric
moment.

Tarrell himself wrote:

“The effects could well be called unprecedented,
magnificient, beautiful, stupendous, and terrifying.
No man-made phenomenon of such tremendous
power had cver occurred before. The lighting effects
beggared  description. The whole  country  was
lighted by a scaring light with the intensity many
times that of the midday sun. It was golden, purple,
violet, gray and blue. It lighted every peak, crevasse
and ridge of the ncarby mountain range with a
clarity and beauty that cannot be described but
must be seen to be imagined. Scconds after the cx-
plosion came, first, the air blast pressing hard
against the pcople, to be followed almost im-
mediately by the strong, sustained awesome roar
wlhich warned of doomsday and madc us feel we
puny things were blasphemous to dare tamper with
the forces heretofore reserved for the Almighty.”

William L. Laurence, whose sole job was to write
down the moment for history, wrote:

“Tt was like the grand finale of a mighty symphony
of the elements, fascinating and terrifying, uplifting

27



Damage to the instrument shelter at North 1000 is
shown in the two top photos. At the bottom, Jumbo
stands unscathed, its tower crumpled around it.
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and crushing, ominous, devastating, full of great
promise and great foreboding.”

Another time he said, “On that moment hung
eternity. Time stood still. Space contracted to a
pinpoint. It was as though the earth had opened
and the skies split. One felt as though he had been
privileged to witness the Birth of the World—to be
present at the moment of Creation when the Lord
said: Let there be light.”

Oppenheimer, on the other hand, has said he was
reminded of the ancient Hindu quotation:

“I am become Death, the destroyer of worlds.”

At the time, however, probably few actually
thought of the consequences of their work, beyond
ending the war. Bradbury said recently, “For that
first 15 seconds the sight was so incredible that the
spectators could only gape at it in dumb amaze-
ment. I don't believe at that moment anyone said
to himself, ‘What have we done to civilization?
Feelings of conscience may have come later.”

Bainbridge reports that his reactions were mixed.
“When the bomb first went off I had the same feel-
ings that anyone else would have who had worked
for months to prepare this test, a feeling of exhilara-
tion that the thing had actually worked. This was
followed by another quick reaction, a sort of feel-
ing of relief that I would not have to go to the
bomb and find out why the thing didn’t work.”

But later he told Oppenheimer, “Now we're all
sons of bitches.”

Ernest O. Lawrence is quoted as saying that from
his vantage point on Compagna Hill, “the grand,
indeed almost cataclysmic proportion of the ex-
plosion produced a kind of solemnity in everyone’s
behavior immediately afterwards. 'There was a re-
strained applause, but more a hushed murmuring
bordering on reverence as the event was commented
upon.”

At the control point, Farrell wrote, “The ten-
sion in the room let up and all started congratula-
ting each other. All the pent-up emotions were re-
leased in those few minutes and all seemed to sense
immediately that the explosion had far exceeded
the most optimistic expectations and wildest hopes
of the scientists.”

Kistiakowsky, who had bet a month’s salary
against $10 that the gadget would work, put his
arms around the director’s shoulder and said,
“Oppie, you owe me $10.”

Elsewhere the momentous event had not gone
unnoticed. The flash of light was seen in Albuquer-
que, Santa Fe, Silver City, Gallup and El Paso.
Windows rattled in Silver City and Gallup. So in-
tense was the light that a blind gir]l riding in an
automobile near Albuquerque asked, “What was
that?”



Crater and heat effects scar the desert at Ground Zero.

A rancher between Alamogordo and the test site
was awakened suddenly. “I thought a plane had
crashed in the yard. It was like somcbody turned
on a light bulb right in my face.”

Another man, 30 miles away in Carrizozo, recalls,
“It sure rocked the ground. You'd have thought it
went off right in your back yard.”

A slecpless patient in the Los Alamos hospital re-
ported seeing a strange light. "The wile, waiting on
Sawyer’s Hill behind Los Alamos, saw it too, and
wrote later:

“Then it came. The blinding light like no other
light onc had cver scen. "I'he trecs, illuminated,
leaping out. "I'’he mountains flashing into life. Later,
the long slow rumble. Something had happened, all
right, for good or ill.”

At the test site, as the spectators watched the huge
cloud billow inio the sky, the medical officers took
over leadership of the thyee observation points,
watching their counters and maintaining contact
with Paul Achersold’s crew of monitors patrolling
the roads within the test site. An Entry Permission
Group, consisting of Bainbridge, Dr. Hemplemant
and Achersold kept track of the reports and made
decisions on movement of personnel around the
site.

At first there was no sign of danger. Then sud-
denly, the instruments at N 10,000 began clicking
rapidly showing that radioactivity was on the risc.
Dr. Henry Barnctt, in charge of the shelter, gave
the order to evacuate and soon the trucks and cars
were roaring past W 10,000 and on to Base Camp.
It later proved to be a false alarm. Film badges worn

by the personnel at the obscrvation point indicated
that no radioactivity had reached the shelter.

Before long those without further duties were
permitted to return to Base Camp and those with
instruments in the forward arcas moved in to pick
them up.

As the sun came up, air currents were created
which swept radioactivity trapped in the inversion
layer into the valley. Geiger counters at S 10,000
began to go wild. 'The few men remaining there
put on masks and watched anxiously as the radio-
active air quickly moved away before the danger
level was reached. Around 9:30 a.m. Bainbridge
radioed the men in the slit trench at Mockingbird
Gap to return to Basc Camp!

Shortly afterward a lead-lined tank, driven by
Sgt. Bill Smith and carrying Herbert Anderson and
Lnrico Fermi, moved in to Ground Zero to recover
equipment and to study debris in hope of getting
information on long range dectection of atomic
explosions. The tank was equipped with a trap
door through which earth samples could be safely
picked up in the crater.

Fermi later reported to his wife that he found
“a depressed arca 400 yards in radius glazed with
green, glasslike substance where the sand had
mclied and solidificd again.”

Mecanwhile, General Groves, who had planned
to wait at Base Camp until all danger of fallout
was passced, hoped to make good use of the hours
by discussing with Los Alamos people a number of
problems connected with the next job on the
agenda, the bombing of Japan.
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“These plans were utterly impracticable,” he
wrote later, “for no one who had witnessed the test
was in a frame of mind to discuss anything. The
success was simply too great. It was not only that
we had achieved success with the bomb; but that
everyone—scientists, military officers and engineers—
realized we had been personal participants and eye-
witnesses to a major milestone in the world’s
history.”

But Groves had other problems to keep him
busy anyway.

The explosion had generated considerable excite-
ment around the state and as far away as El Paso.
At Associated Press in Albuquerque, the queries
coming in were becoming more difficult to handle.
Intelligence Officer Lt. Phil Belcher, now the
Laboratory’s Documents Division leader, was sta-
tioned at Albuquerque to keep any alarming dis-
patches about the explosion from going out. About
11 a.m. the AP man told Belcher he could no longer
hold back the story. If nothing is put out now by
the Army, he told him, AP’s own stories would have
to ga on the wire,

The Army was prepared for this kind of deter-
mination. Weeks before a special press release had
been prepared and sent to the Alamogordo Bombing
Range with Lt. W, A. Parish from Groves' office.
With it, Parish also carried a letter to the command-
ing officer, Col. William Eareckson, instructing him
to follow Lt. Parish’s instructions, no questions
asked.

About 11 Parish was instructed to make his
release:

Alamogordo, July 16—The Commanding Officer
of the Alamogordo Army Air Base made the fol-
lowing statement today:

“Several inquiries have been received concern-
ing a heavy explosion which occurred on the
Alamogordo Air Base reservation this morning.

“A remotely located ammunition magazine con-
taining a considerable amount of high explosives
and pyrotechnics exploded.

“There was no loss of life or injury to anyone,
and the property damage outside of the explosives
magazine itself was negligible.

“Weather conditions affecting the content of gas
shells exploded by the blast may make it desirable
for the Army to evacuate temporarily a few civilians
from their homes.”

The news ran in New Mexico papers and spread
up and down the West Coast by radio. It didn’t
fool everyone. Some days later, Groves reports, he
was dismayed when a scientist from the Hanford
project said to him: “By the way, General, every-
body at DuPont sends their congratulations.”

“What for?” the general asked innocently.

“This is the first time we've ever heard of the
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This special lead-lined tank was used by Enrico Fermi
and Herbert Anderson for obtaining soil samples from
the crater shortly after the test,

Recovery team and radiation monitors assemble for
action a few hours after the test.



Army’s storing high cxplosives, pyrotechnics and
chemicals in one magazine,” he replied.

Colonel Fareckson has since been nominated by
sympathetic historians as one of the unsung heroes
of World War 1. Not only was he forced to take
the blame for this gross mishandling of ¢xplosives,
but he had to take his orders that day from a mere
licutecnant.

By late afternoon it was clear there would be no
difficulty with fallout. Bainbridge finally left the
control center about 3 pan. to return to the Base
Camp for food and rest. General Groves, Conant
and Bush left for Albuquerque to begin the trip
back to Washington.

Groves” secrctary, Mrs. Nora O’Leary, who had
been standing by in Washington since early morn-
ing for word of the test, received a coded message
from her boss and at 7:30 p.n. sent the following
message o Sceretary of War Stimson at Potsdam:

“Operated on this morning. Diagnosis not yet
complete but results scem satisfactory and alrcady
exceed expectations, Local press relcase necessary
as interest estends a great distance. Dr. Groves
pleased. He returns tomorrow. I will keep you
posted.”

Although it would be wecks before the measure-
ment could be correlated and interpreted it was
immediatcly apparent that the implosion weapon
was a technical success. The fire ball, Fermi’s cal-
culations with bits of paper and other data avail-
able immediately indicated the yield had been
greater than the most optimistic predictions. 1t wag
therefore possible for Groves to follow up his (irst
message to Potsdam with another optimistic once the
next day:

“Doctor has just returned most enthusiastic and
confident that the little boy is as husky as his big
brother. The light in his eyes discernible from
here to Highhold and I could hear his screams from
here to my farm.”

The message was clear. The power to crush Japan
had taken on a new dimension. The device had
worked beyond expectations, its {lash seen for 250
miles, its thunder heard for 50, and Groves was sure
the plutonium bomb was as potent as the uranium
gun.

Through the day of July 16, cars of weary, cxcited
men headed back toward Los Alamos. There was
still a great deal of work to be done and for those
who were going overseas, the test had simply been
a rchearsal.

A new Fat Man was scheduled to be delivered
August 6.

When they stopped for meals in Belen the men
talked of inconsequential things and listenced to
mystified citizens discussing the strange sort ol
thunder they had heard that morning and the way
“the sun came up and went right back down again.”

Recovery man rescves film from the crater area.

Occupants of one car did not recognize the occu-
pants of the other. Security was as tight as ever. 1t
was not until they rcached the guarded gates of
Los Alamos that the flood of talk burst loose.

Mrs. Fermi recalls the men veturning late that
evening. “They looked dried out, shrunken. They
had baked in the roasting heat of the southern
desert and they were dead tired. Fnrico was so
sleepy he went right to bed without a word. On
the following morning all he had to say to the
family was that for the first time in his life on com-
ing back from Trinity he had felt it was not safe
for him to drive.”

“I heard no more about I'rinity. The men re-
sumed their work at the usual fast pace,” she con-
cluded.

But during the day, rumors of the brilliant light
s0 many had watched for and scen spread through
the town. Although few people knew officially what
had happened, most were able to sensc or gucess that
the project to which cach had contributed his part.
during the long hectic months had been accom-
plished

When he returned to the Hill that night, Fred
Reines found the town jumping. One of the
janitors Reines knew spotted the returning scientist,
grinned proudly and said, “We did it, didn’t we?”

“We sure did,” Reines told him.
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they built the bomb

These men directed the atomic bomb project at Los Alamos.
Most were division leaders, some played other key roles. None of
them were alone. There were dozens more brilliant young scientists
who made significant contributions. There were countless techni-
cians, administrative people, soldiers and WAGCs without whom the
work could not have been done. Not the least were the wives to
whom, john Williams once said, should go much of the credit.
“They lived in uncertainty and sometimes fear during those trying
years. They never knew what their husbands were doing and they
never asked.”

Kenneth Bainbridge

Test Director Enrico Fermi Hans Bethe

Theory Theory

John Williams George Kistiakowsky Robert Bacher
Deputy Test Director Explosives Weapons Physics
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Mayj. Gen. lLeslie R. Groves
Director

Manhattan Engineer District

J. Robert Oppenheimer

Victor Weisskopf John von Neumann Director
Theory Theory

Robert Wilson Cyril Smith Eric Jette William Parsons
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Above: Fat Man, the implosion-type plutonium weapon, the kind detonated
over Nagasaki. Bomb is 60 inches in diameter and 128 inches long, weighed
10,000 pounds. Below: Little Boy, gun-type uranium weapon, the kind detonated
over Hiroshima. It weighed 9,000 pounds, measured 28 inches in diameter.




PART

BUILDING THE BOMB

by JOHN SAVAGE

the theory

Dome it, indeed they had. And what they had
done that historic day 20 years ago owed a great
deal to what had been done long before.

Years before the beginning of World War 11,
scientists cverywhere understood that the atomic
nucleus held great promise as a source of energy.
Many scientists expected that some day the promise
would he fulfilled. Other scientists were not so sure.
Nature had locked up her nuclear cnergy in ap-
parently tamper-y roof pd(k,wcq

An atomic mu,lcus is equally at home in a deep-
frecze or a volcano. A century in boiling acid would
have no cffeci on the nucleus of any atom. When
a stick of dynamite explodes, its atoms shilt them-
sclves violently into fresh chemical combinations,
but the nuclei remain unchanged.

The nuclear package is not only tough but small.
The largest atomic nucleus in the world is about
as many times smaller than a pea as a pea is smaller
than the sun. Therefore, though cach nucleus con-
tains a great deal of cnergy for its size, the encrgy of
a single nucleus amounts to very little. The release
of nuclear encrgy in useful quantitics requires the
opening of billions upon billions of nuclear pack-
ages.

No way of doing this was clearly scen until 1939,

Five years carlier, in an Ttalian laboratory, Enrico
Fermi had performed an interesting experiment. By
bombarding uranium (then the heaviest element on

earth) with tiny particles called neutrons, he had

produced clements that were no lopger uraniuim,
These new elements were created in such small
quantitics that they could not he examined by
simple means, but Fermi knew—or thought he
knew--what they were: They must be clements cven
heavier than uranium, formed when uranium nuclei
absorbed neutrons,

Other experimenters, cspecially in France and

Germany, grew intcrested in identifying Fermi's
new “transuranium’ clements. By January, 1939,
these experiments had shown that ¥ermi was mis-
taken about at least two of his products. Thesc
two were positively identified as barium and
lanthanum—elements not heavier than uranium,
but only about half as heavy.

Where had the barium and lanthanum nuclei
come [rom? By the middle of January, the correct
answer had been proposed and widely accepted:
Some of the uranium nudei had reacted to the
absorption of neutrons by splitting into two smaller
parts. It was further proposcd, and soon proved,
that these two “fission fragments” {lew apart [rom
each other with great specd, acquired because of the
release of nuclear cnergy.

One kind of nuclear package, then, could be
op(,ncd by means of ncutron bombardment. This
fact had great scientilic importance, but it was not
enough, by itself, to show the way to nuclear encrgy
relcase on a practical scale. What remained to be
discovered was a way ol opcening the packages by
the billions, without pouring billions of ncutrons
in.

Before the end of that same January (a big
month) the way was found at least in theory. Tt was
{irst sut;gcstcd and then demonstrated that when
a uranium nucleus underwent fission (splitting in
twa), it released not only energy but newlrons. 1'his
was clearly of the utmost importance. If neutrons
from fission could cause other fissions, the problem
would be solved. The packages could open onc
another, so to speak, automatically.

"T'hat was the principle. 1t would be a chain re-
action, with onc fission causing others and those
causing still others.

It is not recorded that anybody said it would be
rasy to make the principle work. The potential
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benefits, however, appeared to be worth a consider-
able effort. One neutron, carrying a very small
amount of energy, could release several billion
times that much energy from a uranium nucleus.
The complete fission of one gram of uranium (a
piece no bigger than a radish seed) would yield as
much energy as the burning of three tons of coal
or nearly 700 gallons of fuel oil.

A great world war was about to begin. The
potentialities of nuclear energy for the peaceful
benefit of mankind were immediately overshadowed
by its potentialities for use in weapons.

The sudden release of a great deal of energy in a
small volume produces an explosion. The sudden
fission of the nuclei in a few pounds of uranium
would, it was seen, produce the largest man-made
explosion in history.

It was obvious to American scientists, and to
foreign scientists in the United States, that infor-
mation about fission might have military value.
For that reason, under a voluntary agreement, these
men refrained from publishing any new informa-
tion on that subject, from the spring of 1940 until
almost the end of the war. News of the discovery of
nuclear fission itself could not be suppressed, since
it had been made public in. 1939, but the scientists
reasoned (correctly) that a vast quantity of addi-
tional knowledge would have to be acquired be-
fore a nuclear weapon could be designed.

A lump of uranium is not a bomb. It is about
as much like a bomb as a bucket of low-grade iron
ore is like a fine watch. The wartime nuclear wea-
pon program faced huge problems—problems of
materials and problems of design.

In 1934, when Enrico Fermi bombarded uranium
with neutrons, only a very small fraction of the
uranium nuclei underwent fission. One reason for
this was that his uranium sample, like all of the
uranium in the world at that time, was composed
almost entirely of the wrong kind of uranium.

Pure uraniom is a dark gray metal, obtained
from various ores on several continents. Its “atomic
number” is 92, which means that every uranium
nucleus, by definition, contains 92 protons (posi-
tively charged component particles). Along with
this fixed number of protons, however, each
uranium nucleus contains an even larger number of
the uncharged particles called neutrons, and this
number is not fixed. Uranium as it occurs in nature
is a mixture of three kinds of uranium (92-proton)
atoms, differing in the number of neutrons each
kind contains,

The most abundant of these kinds, or isotopes,
has a “mass number” (total number of protons and
neutrons) of 238. Uranium 238 makes up more than
99 per cent of the naturally occurring mixture. The
rest of the mixture consists of U-235 (0.72 per cent)
and a negligible percentage of U-234. For practical
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purposes, then, natural uranium consists of U-238
and U-285, in proportions of about 140 to 1.

These numbers are important {or a special reason,
vital to the nuclear weapon program: Though
U-238 and U-235 are practically identical in their
chemical behavior (and are therefore extremely
difficult to separate), they are quite different in
their nuclear behavior. U-288, the abundant isotope,
is unsuitable for use as the fissionable material in a
bomb. Only very fast neutrons can cause it to fission,
and it has a tendency to decelerate neutrons and
then capture them without fissioning. U-235 is fis-
sionable by neutrons of all speeds.

By 1940 this difference was understood, and it
was known that natural uranium, with jts great
preponderance of U-238, would not serve as a
bomb core. An attempt would have to be made to
prepare a special kind of uranium, unnaturally en-
riched in the rarer isotope, 235. The attempt would
be costly, and its ultimate success was not at all
certain.

Meanwhile, on almost purely theoretical grounds,
an entirely different kind of fissionable material
was suggested. It was a material without a name—
an element no one had ever seen. This element
would later be called plutonium.

As early as 1939, it had been predicted that when
a U-238 nucleus captured and absorbed a neutron,
the resulting U-239 would quickly convert itself
(by the emission of two electrons) into an element
of atomic number 94. It had been predicted further
that element 94 (at mass 239) would turn out to
be readily fissionable.

Therefore, two possibilities existed for the bomb
core, One possibility was enriched uranium (uran-
ium in which the natural proportions of the isotopes
had somehow been altered in favor of U-235). The
other possibility was clement 94 (plutonium), of
which the required quantities could be made only
by means of some device producing a fantastically
copious supply of neutrons for bombarding U-238
nuclei. No such device existed.

So much for the problem of materials, as that
problem looked in 1940. The problem of bomb de-
sign was destined to receive little concentrated at-
tention until 1943, but everyone knew that it held
mysteries of its own.

The design would have to be such that the bomb
would be capable of exploding, and capable of
exploding only at the proper time. Both “capable
of exploding” and “only at the proper time” repre-
sented essential requirements, rich in potential
difficulties,

A nuclear fission explosion, whether in pluton-
ium or in uranium, requires the disruption of a
huge number of nuclei. The process is initiated,
however, by a relatively small number of free neu-
trons (neutrons not bound in any nucleus). One free



necutron invades a nucleus and causcs fission, pro-
ducing high-cnergy fragments and two ov three
newly-free ncutrons, which carry on the chain
reaction. In a very small fraction of a sccond, the
multiplication of free neutrons results in practically
instantancous fission of a large pereentage of the
nuclei present,

But how docs one arrange for such an explosion?

It isn’t casy. Ior onc thing, each of the atoms ol
fissionable material consists—like a miniature solar
system—mostly of empty space. ‘There is no attrac-
tive force between the free neutron and the target
nucleus until the two are practically in contact. The
fast-moving neutron lics through the large spaces
between nuclei, missing a great many nuclei before
it happens to hit one, if it cver docs. If its path
reaches the surface of the (issionable wmass, the
neutron simply escapes, without having touched a
nucleus.

There is no way of predicting whether or not
an individual neatron will collide with a nucleus
and cause fission. The chances can be calculated
only statistically, like the chances of automobile
collisions on a holiday week-end.

How can the chances be improved? One way is
by increasing the dimensions of the fissionable mass,
so that most ol the ncutrons have to travel farther
to get out. Another is by putting a suitable reflector
around the mass, so that cscaping neutrons will
bounce back in. Another is by compressing the
fissionable mass, to decrease the distance between
nuclei, Sull another (because impuritics can capture
neutrons and take them out of circulation) is by in-
creasing the purity of the fissionable material,

Much work necded to be done on all four of the
ways just mentioncd, if therc was cver to be an

The 60-inch cyclotron at the University of California’s
Lawrence Radiation Laboratory in Berkeley was vsed

atomic bomb capable of exploding. Making it cx-
plode at the right time was an additional challenge.

As implicd in an carlier paragraph, if the fission-
able mass is too small, too many ncutrons will
escape  without causing  fission. 'The minimum
quantity of fucl that will support a chain recaction
is called a critical mass. This quantity varics with
(among other things) the shape and purity of the
fuel, but it is ordinarily several kilograms. (A kilo-
gram is 2.2 pounds.)

The twin problems of initiating the cxplosion
at the right time and preventing initiation before
that time would have been simplified if it had been
possible to assemble a critical mass, store it until an
explosion was desired, and then inject a ncutron
into it. Unfortunately, stray neutrons are cvery-
where around us. They wander through everything,
including the cores of fission bombs—where other
neutrons are occasionally set free by spontancous
fissions, besides. Thus, in any critical mass of fission-
able raterial, a chain reaction cannot be prevented
or delayed; it will occur almost instantly.

For that reason, no nuclear fission weapon can
be fully assembled in a laboratory or arsenal. Final
assembly must occur only at the target, as a part of
the detonation procedure.

Developing a bomb which would incorporate
mechanisms for its own final assembly was destined
to be one of the thorniest problems of the nuclear
Wweapon project.,

Preparing the materials would be diflicult. De-
signing the bomb would be difficult. And without
a vast research cffort, aimed at learning more about
the chemistry and physics ol uranium and pluto-
nium, both tasks would be impossible.

in the discovery of plutonium and six other elements.
1939 photo shows the east side of the machine.




preparing the materials

Of the three atomic bombs detonated in 1945—
one at the Trinity test and two over Japanese cities
—one (the Hiroshima bomb) had a uranium core.
The Trinity and Nagasaki devices had plutonium
cores. Preparation of these two fissionable materials
had been accomplished against almost overwhelm-
ing odds.

In the case of uranium, the difficulty arose from
the fact that uranium 238 and uranium 235 are
almost identical substances. Each of the two kinds
of atoms has 92 nuclear protons and 92 orbital
electrons. Since the chemical behavior of any
atom is almost entirely governed by its orbital
electrons, the two kinds of uranium could not be
separated by chemical processes. Some other pro-
cess—a purely physical one—was required.

U-235 has 143 neutrons in each nucleus. U-238
has 146. Somehow, those three extra neutrons had
to be used to make the U-238 atoms go one way
and the U-235 atoms go another. A great many
methods were suggested. Half a dozen or so, includ-
ing a centrifuge process like the one used to separate
cream from milk, were given extensive trials. Almost
every idea worked, but no idea worked very well.
The difference between the two isotopes was too
small.

Furthermore, all of the separation methods tried
were expensive. If the isotope separation program
had been an industrial enterprise, aimed at mak-
ing a profit, the only sensible course would have
been to close up shop.

But there was a war on. Nobody knew how much
effort, if any, Germany might be devoting to nuc-
lear weapon development (actually it was very
little), but one thing was almost certain: If the
Germans were first to develop a nuclear weapon,
Hitler would win the war. This was no time to
pinch pennies.

America’s decision, based partly on extremely
good work by scientists in Britain, was to con-
tinue at any cost. Investigation of many ways of
separating isotopes would go on, and a really vast
effort would be made on the two most promising
processes. One of these was gaseous diffusion sep-
aration and the other was electromagnetic sep-
aration.

Both processes are based on the difference in
weight (more properly, in mass) between the two
kinds of uranium nuclei.

The molecules in a gas are in constant motion.
The warmer the gas, the faster its molecules move;
but some move faster than others. On the average,
heavier molecules are more sluggish than light
ones. They move more slowly. Therefore, when a
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gas diffuses through a porous barrier, the lighter
molecules get through a little more often (at first)
than the heavier ones.

Perhaps unfortunately, uranium is not a gas. For
the gaseous diffusion process, the uranium has to be
combined with fluorine to produce an easily-vapor-
ized compound called uranium hexafluoride.
Uranium hexafluoride gas is extremely corrosive,
tending to attack pumps, piping, barriers, and
almost anything else it happens to touch.

But the gaseous diffusion method works, Passage
through each barrier in a multi-stage separation
plant increases (very slightly) the concentration of
U-235 in some of the gas. By using thousands of
stages, thousands of miles of piping, and hundreds
of acres of barriers, it is possible to produce very
highly enriched uranium hexafluoride. Uranium
metal made from the enriched gas has a very low
concentration of U-238.

A large part of the wartime project consisted of
planning and building a separation plant to employ
the principle just described. The plant was built
in Oak Ridge, Tennessee, in the years from 1943 to
1945.

The electromagnetic separation process is quite
different, but it also exploits the very slight mass
differences created by the presence of those three
extra neutrons in each U-238 nucleus.

Everything possessing mass has inertia. The more
mass, the more inertia. It is perhaps usual to think
of inertia as a reluctance to move, but inertia is a
broader phenomenon than that. It is less a resist-
ance to movement than a kind of resistance to
change. If an object is stationary, inertia makes it
reluctant to move; if it is moving, inertia makes it
reluctant to stop or to change direction.

Since inertia is proportional to mass, the U-238
nucleus has a little more inertia than the U-235
nucleus. If both are traveling at the same speed,
the heavier nucleus will have a slightly stronger
resistance to any change in direction. Therefore, a
given force tending to change the direction of
motion will have a slightly greater effect on the
lighter nuclei than on the heavier.

This principle is exploited in the electromagnetic
separation of isotopes in the following way: First,
the uranium atoms are “‘ionized,” usually by being
deprived of one orbital electron each. This leaves
the atoms positively charged, so that they can be
accelerated electrically and acted on magnetically.
When they have been accelerated—many millions of
them at a time—they are formed into a beam, all
traveling in the same direction. The beam of ura-




Above: A section of the electromagnetic process equip- “calutrons,” are used today fo produce stable isotopes
ment, used for enriching uranium, in the Y-12 plant ot for peaceful purposes. Below: A wartime view of the
Oak Ridge. Units of the electromagnetic system, called huge electromagnetic processing plant.
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One of eight plutonium-producing reactor facilities at Hanford works. This one
operated for the first time with full loading on December 17, 1944.

nium jons is then passed through a magnetic field
which has been arranged in such a way as to bend
their trajectories. Under the influence of the mag-
netic field, the U-235 ions change direction more
than the U-288 ions. The beam becomes two beams,
each of which can be caught in a separate receptacle.

Though the development of the electromagnetic
separation process encountered many difficulties,
the method ultimately succeeded in producing im-
portant quantities of U-235. Electromagnetic sep-
arating machines called “calutrons,” developed by
the University of California, were installed at Oak
Ridge. They were used mainly to increase the en-
richment of already-enriched products of the im-
mense gaseous diffusion plant and of a smaller
thermal diffusion plant, which used uranium hexa-
fluoride in liquid form.

By late 1944, highly enriched uranium com-
pounds were being produced at Oak Ridge in kilo-
gram quantities.

Meanwhile, the program to produce the pre-
viously unknown element of atomic number 94 had
made great strides.

Berkeley scientists produced minute quantities
of plutonium in the winter of 1940-41, by bombard-
ment of uranium with particles from an accelerator.
The new element proved to be readily fissionable, as
had been predicted.

However, production in quantities of military
significance could not be carried out with particle
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accelerators. What was needed was a really plentiful
source of free neutrons. The only sufficient source
would be a nuclear fission reactor.

Fission reactors are devices in which a chain re-
action is maintained under controlled conditions.
No such device had been built when the Berkeley
scientists produced their first plutonium. It would
take two more years to achieve the first man-made
fission chain reaction.

The leader in that achievement was the same
Enrico Fermi who had first split the uranium
nucleus. He had come to the United States and was
working at the University of Chicago.

Fermi and his associates sought to demonstrate
the possibility of a fission chain reaction in natural
uranium—uranium containing less than one per
cent U-235. Though a natural-uranium reaction
would release energy at a rate unsuitable for an
efficient nuclear explosion, the demonstration that
such a reaction could be maintained would have
great significance. Among other things, it could
lead to the construction of reactors capable of pro-
ducing large quantities of plutonium.

In Fermi’s experiment, lumps of natural uranium
metal and of natural uranium oxide were placed
in a “lattice” (a system of regular spacing) within
a pile of graphite blocks.

The graphite was necessary to enable the pile to
sustain a chain reaction. Here is why:

When a uranium nucleus undergoes fission, neu-



trons come out at ]1ig‘h vclO(:ity= In a natural ura-
nium system, these high-speed neutrons collide with
uranium nuclei of both kinds. Some of the collisions
cause fission, but many others do not. Most of the
neutrons become involved in a scries of “elastic”
(glancing or bouncing) collisions with nuclei. Such
collisions do not cause fission, and cach such col-
lision robs a ncutron of some of its speed.

It happens that the velocity of a neutron has a
large cffcct on what the neutron can do to a ura-
nium nucleus. As the velocity goes down, the neu-
tron loses its ability to causc fission in U-288, while
acquiring even greater ability to cause fission in
U-255. At what is called “thermal” velocity (when
the ncutron has lost all of the initial impulse it
received from the {issioning nucleus) its ability to
cause fission in U-285 is very high.

Unfortunately, there is a certain intermcdiate
velocity at which a neutron is most likely to be
capturced by a U-288 nucleus, without causing fis-
sion. In a chain-reacting pile using natural ura-
nium, it is therefore desirable to prevent collisions
between medium-speed neutrons and U-238 nucled.
Otherwise, so ‘many neutrons will be captured that
the chain reaction will dic out. (It is exactly such
captures that result in the formation of plutonium,
but Fermi was not yet trying for that; his pile would
require a maxium number of free necutrons, just
to keep the chain rcaction alive.)

By using lumps of uranium separated by blocks
of graphite, ir is possible to avoid many of the
neutron captures that would occur in a structurc of
pure uranium, Neutrons produced by fissions in one

lump of fuel {ly out of that lump and into the
graphite before they have lost enough speed to be
capturced readily by U-238 nuclei. In the graphite,
they lose much of their velocity, because of clastic
collisions with carbon nuclei. By the time the neu-
trons reach the next lump of fuel, they are “ther-
mal” (slow), and arc not so likely to be captured by
the U-288.

TFermi's pile produced its first sustained chain re-
action in Dccember, 1942, exactly one week after
the Under Sccrcetary of War had directed that a
site at Los Alamos, New Mcxico, be acquired for
a nuclear weapon laboratory. Fermi’s success de-
monstrated the possibility of the sustained chain
rcaction and gave great cncouragement to thosc
who planned to use larger piles as neutron sources
for the production of plutonium,

Construction of onc such pile began in "Fennessce
in 1943. By November of the same year, it was in
opcration. Within a few months after that, it had
produced scveral grams of plutonium.

However, much larger plutonium production
reactors would be necessary for the production of
enough plutonium to bhe used in bomb cores. In
Junc, 1948, construction of such reactors began at
Hunford, Washington, where water {from the
Columbia River could be used as a rcactor coolant.
By September, 1944, the first Hanford pile was in
operation. Plutonium nitrate from Hanford would
soon join the flow of fissionable material chat was
alrcady moving from the uranium and plutonium
production facilities in Tennessee toward the Los
Alamos Laboratory.

A sketch of Fermi’s chain-reacting pile af the University of Chicago.
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learning about the materials

Even before the United States entered World
War II, research on the properties of fissionable
materials began in Britain and America. By the end
of 1941, the following American institutions held
government contracts for work relevant to the
nuclear weapon program:

Columbia University

Princeton University

The Standard Oil Development Company
Purdue University

The University of Wisconsin

Stanford University

The University of Indiana

Rice Institute

Cornell University

The Carnegie Institution of Washington
The University of Minnesota

Towa State College

Johns Hopkins University

The National Bureau of Standards

The University of Virginia

The University of Chicago

The University of California
Washington University (St. Louis)
Massachusetts Institute of Technology.

By early 1943, when Los Alamos became the focal
point of nuclear weapon research and development,
a great deal had been learned about the chemistry
and physics of uranium (U) and plutonium (Pu).
Much more, however, remained to be discovered.

The Los Alamos Laboratory (it would not be
known as “Los Alamos Scientific Laboratory” until
January, 1947) was founded at the beginning of
1943, Its operating contractor, then as now, was
the University of California. Its mission was to
create atomic bombs. This meant not only research
and development, but fabrication of actual weapons
for possible use in the war.

Within the first months of its life, the Laboratory
began research projects aimed at finding answers
to a variety of questions about uranium and pluto-
nium:

How many neutrons, on the average, are emitted

Los Alamos scientists launched their research projects
early in 1943 in o makeshift laboratory which quickly
grew info this sprawling technical area.
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Far left: There was never enough
housing for the mushrooming
Los Alamos population and much
of it was makeshift and tem-
porary. Near left: In October
1943 major road improvements
were underway on State Road
4 to carry the heavy fraffic in
personnel and equipment to and
from Los Alamos.

per fission in U-235 and Pu-239? (In the casc of
plutonium, the experiments had to be performed
with a sample visible to the naked eye.)

How fast arc the neutrons traveling when they
arc emitted?

ITow likely arc ncutrons of high, low, and all in-
termediate speeds to cause fission in U-235 and in
Pu-259?

How long a time (meaning what fraction of a
millionth of a sccond) clapses between fission and
the emission of virtually all the fission ncutrons?

Would some compound like uranium hydride
have advantages over metallic uranium as a bomb
fuel?

What are the best purification processes for
uranjum and  plutonium, and what analytical
methods will best measure small amounts of Im-
puritics in the two materials?

T'hiose were the main unanswered questions about
the core materials. (Many rescarch problems about
other matters connected with the bomb had to be
tackled during the same period, and will be dis-
cussed in a later section.)

Unique experimental techniques were devised
to produce and count neutrons of specific energies
(speeds), to measure fission in various materials,
and to measure non-ission rcactions induced by
neutrons, Ways of preparing plutonium and ura-
nium metals of unprecedented purity were de-
veloped, together with suitable special methods of
machining and fabrication.

‘The mysteries that had previously surrounded
the chemistry, physics, and metallurgy of the core
matcrials were beginning to be solved.
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In Los Alamos by day great minds pondered the bomb
problems, by night, talk turned to less secret discus-
sions, From left ta right across both pages: Enrico Fermi

with L. D. P. King; Eric Jette, Charles Criichfield, J.
Robert Oppenheimer; Edward Teller with Norris Brad-
bury; E. O. Lawrence, Fermi and I 1. Rabi.

designing the bomb

The problems of bomb design were still formid-
able. Even if the core materials could be delivered
to Los Alamos in time (and sufficiently purified
there), and even if they could be shown to be cap-
able of supporting a chain reaction (no longer a big
if), the most important question remained. How
does one use plutonium or uranium in such a way
as to produce an efficient explosion?

It was clear that almost any chain-reacting sys-
tem could be caused to overheat, and perhaps even
to blow itself apart. If that had been the only re-
quirement, there would have been no problem.

For military effectiveness, a mere “runaway chain
reaction” would not do. Such a reaction would
release hardly more energy than would suffice to
disrupt the materials in which it occurred. What
was needed was a device that would release a great
deal of energy almost instantancously, so that the
reaction could proceed a long way toward comple-
tion before being quenched by the dispersal of
the fissionable material.

One of the requirements for such a device be-
came obvious very early in the program: The fis-
sion chain would have to be sustained by fast neu-
trons. Even if military considerations had not
dictated that the bomb be as compact as possible
(which they did), the inclusion of moderating ma-
terial to slow the neutrons would result in a re-
action too slow for efficiency.

Another requirement was speed of assembly. As
the core passed from its subcritical, or safe, con-
figuration to its supercritical, or explosive, con-
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figuration, it would inevitably pass through con-
figurations that were barely critical. Fast assembly
would be necessary to prevent the reaction from
beginning too soon, before the optimum configura-
tion could be reached.

For the sake of explosion efficiency, it was in-
advisable to depend on “background” neutrons
(free neutrons unavoidably present in the bomb
at all times) to start the reaction. The only way to
be sure the reaction would start fast, and at exactly
the right moment, was to arrange an internal neu-
tron source that would deliver millions of neutrons
in a single burst at the instant of complete assembly.
Devices called “initiators” had to be developed to
supply these neutrons.

A fourth requirement would be an envelope of
some heavy material around the core. This envelope
(called a tamper) was necessary both to reflect
escaping neutrons back into the core and—much
more important—to retard the expansion of the
core as much as possible, so that the critical con-
figuration could be preserved a little longer, permit-
ting more fissions before the bomb blew itself apart.

All four of these requirements, and a number of
others, had to be met before an efficient explosion
could be produced. This meant not just engineer-
ing, but additional fundamental research. Know-
ledge had to be gained about the feasibility of a
chain reaction with fast neutrons, about the amount
of fissionable material that would constitute a fis-
sionable mass in various geometries, about the pos-
sible neutron-producing reactions that might be



useful in an initiator, and about the nuclear
characteristics of possible tamper materials. A tre-
mendous mathematical effort had to be devoted
to calculations related to the physics and thermo-
dynamics of the bomb.

And, since no assembly method would be fast
enough unless it made use of high cxplosives, an
intensive study of the potentialitics of chemical
explosives for this purpose had to be made.

In principle, two gencral methods of assembly
appeared possible. One was the so-called “gun”
method, in which one suberitical mass of fissionable
material would be fired as a projectile at a target
consisting of another subcritical mass of fissionable
matcrial. When projectile met target, the two to-
gether would constitute a supercritical mass. (The
gun, with its explosive charge and its fissionable
projectile, would have to be enclosed in the bomb
casing, along with the target.) The other assembly
method was “implosion,” in which a slightly sub-
critical mass of fissionable material would be sur-
rounded by high explosives. When these explosives
were detonated, they would compress the fissionable
matcrial, thereby increasing its density (decrcasing
the distances between target nuclei), thus rendering
it superceritical,

The gun method appeared to be the casier to
develop. It involved principles already well under-
stood by ordnance experts, while the implosion
method introduced entirely new principles of guid-
ing explosive energy. Until 1944, it was hoped that
the gun method might work for both uranium and
plutonium bombs. 1t was a somcwhat slower detona-
tion system than implosion was, but its development
would require fewer technological innovations,

In 1944 came the verification of a picce of bad
news rumored a little carlier: The gun method
was unsuitable for plutonium bombs. The reason

was that plutonium produced in nuclear reactors
(such as those at Oak Ridge and Hanford) con-
tained a significant percentage of an isotope
identified as Pu-240, Plutonium of this mass num-
ber had a strong tendency toward spontancous fis-
sion, releasing neutrons. 'This produced an un-
usually high neutron background in plutonium
containing the 240 isotope. Thercfore, assembly of a
plutonium bomb would have to be lightning-fast to
prevent premature initiation of the chain reaction.
Asscmbly by the gun method would be too slow; in
a plutonium bomb, it would have to be implosion
or nothing.

With the discovery of Pu-240, Los Alamos scien-
tists and engineers increased their clforts to solve
the probiems of implosion. Mcanwhile, the gun
method was being perfected for use in a wraniom
bomb.

The simplest way to proceed might have been
to build a few cxperimental bombs in the early
nineteen-forties and try them out. Not the least of
the Laboratory’s problems arose from the impos-
sibility of doing this. By the time the precious
shipments ol fissionable matcrial arrived at Los
Alamos, a workable bomb design had to be ready.
Various componcnts and sub-assemblics could be
tested by thermselves, but no integral test of the
weapon would be possible until long alter the time
when such testing might have scrved its purpasc
best.

In spite of these difficultics and others, the de-
signs were created. By means of a combination of
theoretical and cxperimental work, of pure sci-
ence and nuts-and-bolts enginecring, both the
uranium and the plutonium bomb were brought to
readiness soon after the middle of 1945,

Neither, however, had ever been tried.

Not until July 16, 1945.
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ON JAPAN

‘Utter Destruction,’ Promised in
Potsdam Ultimatum, Unleashed;
Power Equals 2,000 Superforts

WASHINGTON, Aug. 6 (AP)—The. U. 8. Army Alr Force has released on the
Japanese an atomic homb containing more power than 20,000 tons of 'TNT,

1t produces more than 2,000 times the blast of the largest homb ever used be.

was made in a statement by President

an

"The President said that the bomb has “added a new
and revolutionary increase in destruction’ on the Japanese.

Tt is a harnessing of the
The force from which the

sun draws its power has been loosed againat those whe
brought war to the Far East.”
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after trinity

There never had been much doubt that the gun-
type uranium weapon would work. By July 14, two
days belore the implosion weapon was tested, the
major portion of the U-285 component began its
journcy overscas from Los Alamos. A lew hours he-
forc dawn on July 16, just as obscrvers in the
Jornada del Mucrto were witnessing the incredible
birth of the atomic age, the vranium bomb was
hoisted aboard the cruiser Tndianapolis at San
Francisco.

At Potsdam, where President 'T'rtoman and Prime
Mimster Churchill were waiting to meet with Stalin
to discuss a demand for unconditional surrender
from the Japanese, the news of the successiul test
of the Fat Man that morning had a profound cffect.
Confidence in the test results and the reassurance
that the first bomb could be ready for delivery on
July 31 froze the previously tentative decision that
the time had come to issue the surrender ulti-
matum. The atomic bomb had made invasion un-
necessary and conld provide the Japanese with an
honorable excuse to surrender. '[he war could end
quickly. There was no longer any nced for help
from Russia. Churchill and 'I'ruman approached
the talks in extreme confidence.

On July 26, the Indianapolis arrived at "Finian
and two nights later transport plancs arrived with
the last necessary bit of U-235 and the uranium
device was ready.

The world’s second man-made nuclear explosion
occurred over Iliroshima, Japan, on August 6,
three weeks after the "I'rinity test. On August 9, the
third such explosion devastated the city of Naga-
saki, Japan gave up the struggle five days later, and
formal surrender ceremonies were held September
2.

Though no nuclear weapon has been used in
war since that time, the development of new kinds
of nuclear wecapons has gone on. In November,
1952, observers at the ALC’s Eniwctok Proving
Ground witnessed a test detonation almost as his-
toric as the one in New Mexico in 1945, A Los
Alamos device called “Mike” produced the world’s
{irst full-scale thermonuclear cxplosion.

In a thermonuclear bomb, the encrgy-liberating
process is quite unlike nuclear fission. What happens
is that very light nuclei, such as hiydrogen (instead
ol very heavy ones, as in [lission devices) are com-
bined to form hcavier nuclei (instead of being

General Douglas MacArthur watches as the Japanese foreign minister signs the
surrender document aboard the U.5.5. Missouri on September 2, 1945,




Construction of a linear accelerator for a broad pro-
gram of meson research has been proposed for Los
Alamos. Meanwhile, design, prototype fabrication and
testing of each component for the facility is being
undertaken. Here a two-cell cloverleaf waveguide is
tested under mockup conditions.

divided to form lighter nuclei). In spite of these
great differences, the energy liberated by both kinds
of bombs is nuclear energy, and the two develop-
ment programs were equally at home in Los
Alamos,

Since the Mike test, the people at Los Alamos
Scientific Laboratory have proved their versatility
again and again. Though LASL remains the na-
tion’s foremost center for nuclear weapon develop-
ment (having created more than 90 per cent of all
the fission and fusion warheads and weapons in the
country’s stockpiles), the Laboratory has greatly
broadened its range of activities.

Only about one half of the total LASL effort is
now devoted to weaponry. Other programs cover
a broad spectrum of investigation and development
looking toward peaceful uses of atomic energy.

Beneficial exploitation of the atom at Los Alamos
actually began as soon as the Laboratory was
founded. Though the whole first purpose of the in-
stallation was to develop nuclear weapons, the
nature of that purpose entailed a great deal of
purely scientific research. It required people and
equipment fitted for much more than the creation
of bombs.

In addition to the enriched-uranium reactor de-
velopment before Trinity, Los Alamos reactors us- -
ing entirely different fuel systems have been created.
One of them—the world’s first plutonium-fueled
reactor and the first to rely on a fast-neutron fission
chain—went into operation in 1946. In more recent
years the Laboratory has developed a reactor using
uranium phosphate fuel and another using molten
plutonium. One present goal of the Los Alamos
reactor program is to find good ways in which to
design “breeder” reactors—reactors using neutron
capture reactions to produce more fuel than they
consume.

Los Alamos has also created the first half-dozen
rocket propulsion reactors (not intended to be
flyable engines themselves, but designed to show
the way toward the creation of propulsion systems
far superior to those now in use).

Another peaceful program is Project Sherwood,
in which ways are being sought to harness the
H-bomb fusion reaction and make it do useful work,

Twenty years after Trinity, Los Alamos continues
to make scientific and technological history. Reach-
ing to the unknown is a hard habit to break.

Left: Looking to the future in space, Los Alamos this
summer began the first of a long series of tests of the
new Phoebus-type reactors, successsors to the famous
Kiwis. Phoebus reactors, such as Phoebus | shown here
during final assembly in Nevada, are intended for the
higher power levels and longer life required for rocket
engines for deep space missions.



0

aaa



*

o

&

P

¥ T o~

kS ]

S I e |

A= |

73 ol

£ 30 3

i:3 «l
T8 e

=2 My 7

DA D

20 S G |

Los Alamos Scientific Laboratory July 16, 1965

Special Twentieth Anniversary Edition




